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AB $ TRACT 
The mutation fs(1)A1163 in Drosophila melanogaster 
causes sterility in homozygotes, and a temperature 
sensitive sterility in heterozygotes, and has previously 
been identified as causing defective secretion of Yolk 
Protein 1, with consequent reduction in haemolymph and 
oocyte titres of YP1. The gene encoding the mutant YP1 
is cloned and sequenced, revealing a single amino acid 
substitution at position 92, a replacement of Isoleucine 
by Asparagine. The possible effects of this change on 
the secondary structure of the mutant YP1 is assessed 
using methods for predicting secondary structure, 
which suggest that this substitution makes little 
difference to the secondary structure, but that a 
region of hydrophobicity around position 92 in YP1is 
lost in the mutant YP1, which may cause alterations 
to the tertiary structure. This is consistent with 
the temperature sensitivity of fs(1)A1163. The 
relationship of the defective secretion of the mutant 
Ypi to the female-sterile phenotype was investigated by 
re-introducing wild-type and mutant YP1 genes under the 
control of the wild-type fat body specific enhancer 
into the Drosophila genome by P-element mediated 
transformation. Restoration of wild-type haemolymph 
titres of YP1 in fs(1)A1163 homozygotes and heterozygotes 
transformed with a wild-type YP1 gene did not restore 
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their fertility, and re-introduction of mutant YP1 
genes did not cause sterility. 	Analysis of fs(1)K313, 
a female-sterile mutation affecting the secretion of 
YP2 revealed two amino acid substitutions, Methionine 
to Leucine at position 68, and Proline to Leucine at 
position 141. Analysis of these changes suggests that 
the change at position 68 makes no difference to the 
secondary structure, but the Proline to Leucine change 
would replace a region of coil and turn conformation 
to alpha flanked with beta. fs(l)K313 has been 
reported to be in the same complementation groups as 
fs(l)A1163 but this is considered to reflect a common 
cause of sterility rather than allelism. The hypothesis 
that sterility caused by these mutations is due to a 
disruption of follicle cell synthetic activities 
following accumulation of secretion defection YPs in 






The subject of this thesis is the molecular 
analysis of a female sterile mutation in Drosophila 
melanog'aster, which affects yolk protein synthesis; 
and this chapter covers the relevant background. Insect 
oogenesis, and, more specifically, Drosophila oogenesis 
are detailed first, then the yolk proteins, and their 
genetic organisation and regulation. Finally, the 
genetic control of oogenesis and female sterility are 
discussed, with particular emphasis on fs(1)A1163, the 
mutant with which this thesis is mostly concerned. 
1.2 Oogenesis 
Two general types of ovarian organisation can be 
seen in insects (reviewed in Bownes, 1983) (fig. 1.1). 
Firstly, the panoistic ovariole, found in, for example, 
'dictyopterans and orthopterans, where each germ line 
cell present in the ovary differentiates into only one 
cell, the oocyte itself, and secondly, the meroistic 
ovariole, found in Hemiptera, Diptera, Hymenoptera and 
Lepidoptera, in which some germ line cells develop into 
trophic cells, the cells that are the source of much 
of the protein, RNA, and lipid taken up by the oocyte. 
The latter type of organisation can be further sub-
divided by the position of the trophic cells. 
FIGURE 1.1 
Panoistic Ovariole 
Telotrophic Meroistic Ovariole 
C) 	Polytrophic Meroistic Ovariole 
The Female Genital System of Drosophila 
melanogaster. One ovariole has been dissected 
out. 
The gerinarium of a Drosophila ovariole. 

















0 : oocyte 
S : spermatheca 
sr seminal receptacle 
tc trophic cells 
tf terminal filament 
a, b and c from Bo nes (1983); d from Mahowald and 
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In contrast, in :polytrophic meroistic ovarioles, 
seen in dipterans, hymenopterans and lepidopterans, 
the germ line stem cell gives rise to one oocyte, and 
several trophic cells, called nurse cells, which pass 
down the ovariole in close contact with the developing 
oocyte. The number of nurse cells varies: there are 
seven nurse cells per oocyte in lepidopterans, and 
fifteen nurse cells per oocyte in dipterans. It is 
this type of ovariole that will be considered in 
greater detail. 
The process of oogenesis in Drosophila has been 
well studied, and a staging system devised (King, 1970). 
An abbreviated description of King's stages is given 
in table 1.1. There are many interactions between 
different cell types involved in oogenesis: in this 
table, only those within the ovary are considered. It 
must be borne in mind, however, that the whole process 
of oogenesis is a concerted effort of a whole organism, 
with a large number of cell activities, especially 
hormonal responses involved. 
TABLE •1•,1 
The stages of oogenesis. Modified from 
Mahowald and Kambyse11s (1980). 
Abbreviations: NC : nurse cells 
16C etc.: indicates degree of ploidy 
where prefixed by A or P, 
this represents the ploidy 
of anterior or posterior 
nurse cells respectively 
FC : follicle cells 
TABLE 1 . 1 
Stage 1 2 	3 	4 	5 6 	7 8 9 	10 11 	12 13 14 
oocyte same size no NC from stages 1 to 8 1/3 of 	k of 
size chamber chamber 
Oocyte synapto- Nuclear meiotic meiosis nucleus condenses, nemal membrane arrest stages 1 to 4 complexes disappears 
disappear 
Oocyte lipid drops accumulate, stages 8 - 14 cytoplasm 
8-yolk spheres appear 
polar tiolar increase in size. 
bodies Associate with 
form mitochrondria 
Nurse Begin 	16C 	32C 	64C 64c 	A128C A256C A512C 	A512C NC nuclei disappear cell poly- P256C P512C P1024C 	P1024C 
ploidy ploidy 
Nurse lipid cyto- cell drop- plasm 
cytoplasm lets opaque 
seen 







vitello- vitel- Encochorion Exo- Chorion 
genesis line Secretion chorion completed 
begins membrane secreted 
secretion 
3 
The Germarium. The germarium is located at the 
distal tip of the ovariole (fig. 1.1). Mahowald and 
Strassheim (1970) divided King's three regions into 	/ 
four regions (fig. 1.1e). Region 1 contains the 
mitotically active region, with the stem cells that give 
rise to the various cells in each follicle. Region 2 
is where the mesodermal cells invaginate between groups 
of sixteen interconnected germ line cells, and in Region 
3, the groups of germ line cells are completely surrounded 
by follicle cells. Region 2 can be subdivided on the 
basis of the arrangement of the mesodermal cells around 
the cluster of germ line cells (Mahowald and Strassheim, 
1970), into two regions, 2a and 2b (fig. 1.1e). After 
the follicle appears within the germarium, it passes 
along the ovariole, as it develops. As a result, several 
developmental stages can be seen within a single ovariole, 
in temporal order. There are three cell types within 
the follicle, the nurse cells, the oocyte itself, and the 
follicle cells. The germ line cells, comprising the nurse 
cells and the oocyte cells, are derived from the embryonic 
pole cells, while the follicle cells are derived from the 
embryonic mesoderm (Sonnenblick, 1950). 
The Nurse Cells. The fifteen nurse cells and the 
oocyte are derived by a series of four mitoses, with 
incomplete division, with the result that they are 
interconnected in a regular pattern (Mahowald &Strassheim,1970 
Within this cluster of sixteen cells, eight have one 
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bridge, four have two bridges, two have three bridges, 
and two have four bridges (Mahowald &Sttasshe.im,. 1970). Both oi 
the two cystocytes with four bridges enter meiosis, 	/ 
and one will become the oocyte, while the other will 
remain a nurse cell. All the nurse cells begin DNA 
replication synchronously with the future oocyte during 
its premeiotic S phase, but there is no further 
replication until the follicle has left the germarium, 
when the nurse cells resume DNA replication, becoming 
greatly polytenised (Jacob and Sirlin, 1959). The 
polyteny seen in the nurse cells presumably reflects 
the function of these cells. It is interesting to note 
that, despite the contacts between the nurse cells, the 
polytenisation becomes asynchronous by about Stage 6, 
when the anterior nurse cells are less highly polytenised 
than the posterior cells. 
The nurse cells are the source of much of the RNA 
(mainly rRNA), and the lipid droplets found in the mature 
oocyte (King and Burnett, 1959; Mahowald and Tiefert 
1970) 
The Follicle Cells. Figure 1.2 shows the origin 
and behaviour during oogenesis of the follicle cells. 
When the follicle leaves the germariuxn, there are 
approximately 80 follicle cells surrounding the nurse 
cell-oocyte cluster (Mahowald and Strassheim, 1970). 
During stages 2 to 5, the number of follicle cells 
increases to about 1000, and during stages 6 to 10, 
FIGURE 1.2 
A diagrammatic representation of the migration of 
follicle cell subpopulations over the surface of 
the oocyte-nurse cell cluster, and their derived 
egg shell regions. 
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5 
these cells become polyploid. During stage 8, the 
follicle cells reorganise their position relative to 
the oocyte, and to the nurse cells: most cells migrate 
to the posterior end of the follicle, and form a layer 
of squamous cells surrounding the oocyte. Others form 
a layer of squamous cells covering the nurse cell 
chamber while still others move between the nurse cells 
and the oocyte during ttages 9 to 10, to lie over the 
anterior end of the oocyte. 
The follicle cells have several functions. 
Vitellogenesis in Drosophila begins at stage 8 of 
oogenesis, and the yolk proteins have been shown to 
be synthesized in the ovarian follicle cells, as well 
as in the fat body cells (Brennan et al., 1982; Isaac 
and Bownes, 1982). The process of vitellogenesis will 
be covered later in this chapter. The other main activity 
of the follicle cells during oogenesis is to secrete the 
egg coverings. These consist of several layers: the 
vitelline membrane, a waxy layer, several endochorion 
layers, and the exochorion (see figure 1.3). The genes 
encoding the chorion proteins in Drosophila have been 
subjected to a detailed molecular analysis. These genes, 
which are located in two distinct clusters in 
chromosomes 1 and 3 (Griffin-Shea et al. 1980; 
Spradling et al., 1980) are specifically amplified in 
the follicle with respect to other genomic sequences 
(Spradling, 1981) . Disruption of the amplification, 
for example, in the case of the X-chromosomal cluster, 
by the inversion ocelliless, severely affects the 
expression of the chorion genes, and impairs fertility 
(Spradling and Mahowald, 1980;1981). P-element 
mediated transformation analysis has localised elements 
within the chorion gene clusters required for 
amplification (D.Cicco and Spradling 1984; Wakimoto 
et al., 1986). No such amplification is seen with 
respect to the yolk protein genes (Bownes, pers. comm.). 
During stages 9 to 10, the columnar follicle cells 
contain much endoplasmic reticulum, oriented along the 
length of the cells (Mahowald and Kambysellis, 1980), 
with much associated golgi body, reflecting the very 
high rate of synthesis and secretions during this 
period. 
The structure of the egg covering is complex 
(review by Margaritis, 1985). Figure 1.3a shows the 
gross morphological structures, such as the operculum, 
micropylar cone, and the respiratory, or chorionic 
appendages. Figure 1.3b shows, diagrammatically, the 
fine structure of the Drosophila egg shell. Each of 
the several layers are sequentially deposited according 
to a developmental timetable that varies slightly 
between different regions of the follicle (Margaritis 
et al.,1980; Margaritis, 1985) . The first layer to 
be deposited is. the vitelline membrane. Structures 
known as vitelline bodies are secreted by the follicle 
FIGURE 1.3 
The structure of the Drosophila chorion. 
Features on the chorion surface. Note the 
two respiratory appendages (ra) , the 
micropyle (rnp), through which sperm entry is 
effected, and the operculum (op), through 
which the larva leaves the egg. Note also 
the chorionic imprints left by the follicle 
cells. 
Fine structure of the Drosophila chorion. 
Abbreviations: en : endochorion 
ex : exchorion 
id : inner chorionic layer 
vm : vitelline membrane 
w : waxy layer 
Redrawn from Margaritis et al., (1980) 
Figure 1.3 
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cells during stage 9A. At stage 10A, the vitélline 
bodies slide over the oocyte surface, and during 
stage lOB fuse to form the vitelline membrane, which is 
at this stage approximately 1.7gm thick. During 
subsequent stages of oogenesis, the thickness of the 
vitelline membrane decreases due to the enlargement of 
the developing oocyte, and the consequent stretching 
of the vitelline membrane. The vitelline membrane 
consists of proteins, lipids, and carbohydrate 
(Margaritis, 1985) 
During stage lOB, the follicle cells secrete oil 
droplets (visualised as small, electron-transparent 
vesicles), which are deposited on the vitelline 
membrane surface, as plaques, which form the waxy 
layer, as they are compressed against the vitelline 
membrane. The inner chorionic layer (ICL) is deposited 
over this waxy layer during stage 12B in the main body 
of the follicle, though somewhat earlier, at stage 11B 
in the anterior part of the follicle. The ICL has a 
crystalline substructure, and is initially attached to 
the inner endochorion, but becomes detached during stage 
14A. 
The endochorion has a complex architecture, which 
varies over the oocyte surface (Margaritis et al., 1980) 
The inner endochorion is synthesized during stage 12B in 
the main body of the follicle, though, again, slightly 
earlier at the anterior end, and initially in close 
N. 
contact with the ICL, as noted above. The inner 
endochorion has perforations (fig. 1.3b), which are 
possibly produced as the endochorion stretches over 
the expanding oocyte. These perforations are absent 
over the operculum. After the inner endochorion layer 
has been synthesized, endochorion synthesis continues, 
as the endochorionic pillars form. By stage 14A, the 
endochorion roof forms, leaving the endochorionic 
chambers filled with a flocculent material secreted by 
the follicle cells. The endochorion roof is left with 
the imprints of the follicle cells, leaving both a finely 
rippled surface, and a network of whole cell imprints 
(fig. 1.3a), which are visible through the exochorion. 
The exochorion is secreted last, and is the least 
understood layer - it has a filamentous texture, and is 
secreted through the tips of the follicle cell micro-
villi (Margaritis, 1985) 
The endochorion is mainly composed of protein. 
Petri et al., (1976) calculate the proportion of protein 
in the endochorion to be 94 %. Waring and Mahowald 
(1976) identified 16 proteins in the chorion, though 
none of these are localised, except for one protein, 
specific to the respiratory appendages (Mindrinos 
et al., 1980). 
The Drosophila egg shell has much structural 
variation and many specialised regions, such as the 
operculum, through which the developed larva will 
emerge, the micropylar cone, through which the sperm 
will enter, and the chorionic appendages, which are 
used to permit gas exchange. These structures are 
produced by distinct populations of the follicle cells, 
summarised in figure 1.2. 
1.3 Vitellogenesis in Drosophila melanogaster 
Vitellogenesis is the process by which the 
vitellins, or yolk proteins, are synthesized, and 
accumulated by the developing oocyte. In general, the 
term vitellogenin is used to describe the primary yolk 
protein, synthesized outwith the ovary, and the term 
vitellin is used to describe the mature, processed, 
yolk protein, after selective uptake by the ovary or 
oocyte. These definitions are useful in many cases such 
as Xenopus (reviewed Tata, 1976) where vitellogenins 
are synthesized solely in the liver, and many insects, 
such as Locusta migratoria, where vitellogenin is 
synthesized solely in the fat body (Kunkel and Nordin, 
1985), and is subsequently modified and specifically 
taken up by the oocyte. The situation is somewhat 
different in Drosophila, for there are two sites of 
synthesis: the fat bodies, and the ovarian follicular 
epithelium (Brennan and Mahowald, 1982; Isaac and 
Bownes, 1982). Vitellogenins synthesized in fat bodies 
are identical to those synthesized in the follicle cells, 
and undergo no detectable modification during or after 
uptake into the oocyte (Warren et al., 1979). For this 
reason, no distinction between vitellogenin and vitellin 
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is made: these proteins are termed yolk proteins, or 
YPs. 
The yolk proteins are synthesized in a stage, sex,' 
and tissue specific pattern, and have consequently been 
used as a model system for gene regulation in Drosophila. 
The precise details of studies on the proteins themselves, 
and on the fine structure of the YP genes will be dealt 
with later. It is clear that the expression of the yolk 
protein genes is in part controlled by the hormonal 
condition of the animal, and by the genetic constitution 
of the fly regarding several sex-determining loci (see, 
for example, Bownes and Nöthiger, 1981). 
Much work has been devoted to the question of 
hormonal control, mostly concerned with the two main 
insect hormones, juvenile hormone (JH), and 20-hydroxy-
ecdysone (20HE). Handler and Postlethwait (1977) found 
that decapitation, which removes the corpus allatum 
(the source of JH), inhibits subsequent vitellogenesis, 
if performed at, or near, eclosion. Decapitation at a 
later stage does not affect vitellogenesis. The 
possibility that this is an artefact produced by the 
decapitation itself, is countered by the demonstration 
that isolated abdomens can be induced to resume YP 
synthesis by administration of - JH. In this context 
it should be noted that Bownes and Blair (1986) have 
shown that the rate of YP synthesis is reduced in 
starved flies, and that this effect is rescued by the 
administration of 20HE and JH. 20HE can induce 
11 
resumption of YP synthesis by isolated abdomens, and 
can also induce YP synthesis in adult male fat bodies, 
and increase the rate of YP synthesis in adult female / 
fat bodies (Postlethwait et al.,1980; Bownes et al., 
1983) 
It is probable that hormonal interactions control 
YP synthesis differently in the two tissues in which 
they are synthesized. JH appears to be required for 
the initiation of vitellogenesis, and the regulation 
of subsequent uptake of YPs by the oocyte. JH is 
required to maintain ovarian development, which is 
probably why it is required for uptake of YPs. The role 
of 20HE is less clear. Bownes (1986) suggests that it 
is possible that 20HE is required only for the correct 
maturation of the fat body cells during and after meta-
morphosis, and that the phenomenon of YP induction by 
20HE in males is an indirect consequence of the high, 
unphysiological dose of 20HE administered. 20HE may, 
however, play a part in the regulation of vitellogenesis - 
female and male flies may differ in the population of 
20HE receptors, differences that are bypassed by the 
disruptive effects of a huge dose of 20HE. In this 
context, it.is worth noting that the titres of 20HE 
in males and females is similar (Bownes, Dubendo±fer 
& Smith, 1984) 
Sexual dimorphism in Drosophila melanogaster is 
under the control of a battery of sex-determining loci. 
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The primary signal for sexual identity is the sex 
chromosome: autosome ratio. A ratio of 1:1 leads to - 
female development, and a ratio of 1:2 leads to male 
development, irrespective of the presence or absence of 
a Y chromosome (Bridges, 1921) . This process appears 
to be cell autonomous, a fly that is mosaic for cells 
of the two ratios developing into a gynandromorph (Baker 
and Ridge, 1980). 
The heterosome:autosome ratio in turn controls a 
series of sex-determining loci, which have been studies 
with respect to the expression of the YP genes. Bownes 
and Nöthiger (1981) found the expression of the YP genes 
to be dependent on the apparent sex of the individual; 
there was an absolute correlation between the presence 
of female characteristics, and the expression of yolk 
proteins. Thus, for example, pseudomales (X/X individuals 
that develop as males) do not synthesize YP5, but inter-
sexual flies (X/X or X/y individuals that develop into 
animals of intermediate sex) do, although at a reduced 
level compared to normal females. 
1.4 The Yolk Proteins of Drosophila melanogaster 
Drosophila melanogaster synthesizes three major 
yolk proteins, or YP5, of similar size and properties 
(Bownes and Flames, 1977). The apparent molecular 
weights of YPs 1, 2 and 3 are approximately 47000, 
46000, and 45000 Daltons respectively. 	These values - 
are similar to the molecular weights calculated from 
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the predicted amino acid sequences of YP1 and YP2; 
48300 and 49682 respectively (Hung and Wensink, 1981; 
1983). Native YPs appear to have a molecular weight 
of approximately 190 kD (Gingeras et al., 1973), though 
Isaac (1982) suggests the YPs associate as hexamers. 
Separation of the YPs by two-dimensional PAGE 
reveals that the YP5 each exist in a variety of charge 
variants (Minoo, 1982; Minoo and Postlethwait, 1981; 
Bownes and Hodson, 1980). Peptide mapping suggested 
that at least YP1 and YP2 share some chymotrypsin 
digestion products (Warren and Mahowald, 1979), as do YP2 
and YP3 on V8 protease digestion (Bownes and Hames, 
1978). Further comparison of the YP5 was possible 
following cloning of the genes encoding the YPs (Barnett 
et al.,1980) and determination of their sequences (Hung 
and Wensink, 1981;1983; Hovemann et al.,1981; Hovemann 
and Galler, 1982), and this will be discussed later. 
In vitro translation experiments revealed apparently 
two polypeptide products (Bownes and Emes, 1977), a 
problem resolved by the demonstration that a leader 
sequence directing secretion is present at the N-terminus 
of the YP5 (Brennan et al.,1980) which is cleaved when 
these experiments are repeated in the presence of dog 
pancreas microsomes (Blobel and Dobberstein, 1975). 
In vivo, subsequent post translational modifications 
increase the apparent molecular weight of YP1 1 to 
produce the triplet of molecular weights as seen on 
PAGE. 
14 
Yolk proteins are synthesized in two tissues in 
Drosophila: the fat bodies (Gelti-Douka et al. 3 1974; 
Hames and Bownes, 1978), and the ovaries (Bownes, 1982/ 
Brennan et al., 1982; Isaac and Bownes, 1982; Srdic 
et al., 1979). Yolk proteins synthesized in these two 
tissues appear to be identical, although differences in 
relative rates of synthesis have been reported (Isaac 
and Bownes, 1982). 
The primary translation products of YP mRNA are 
of two apparent molecular weights 47000 and 46000 daltons. 
These products are seen only in in vitro translation 
experiments (Postlethwait and Kashnitz, 1978; Bownes 
and Hames, 1978a). The 47K product actually represents 
two polypeptides (Warren et al., 1979). All three poly-
peptides are, in vivo, co-translationally modified to 
molecular weights 46000 and 45000 daitons, with no 
change to the charge, implying that the lost material 
has a net neutral charge (Brennan et al., 1980). This 
change in molecular weight is due to the cleavage of a 
signal peptide from the N-terminus of each of the poly - 
peptides (Brennan et al., 1980). The primary translation 
products are never seen in vio, and the cleaved poly-
peptides can be produced in in vitro translation 
experiments in the presence of dog pancreas microsomes. 
The YPs behave in this respect as typical secreted 
proteins. Minoo and Postlethwait (1985a) partially 
localised the site of signal peptide cletvage using 
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in vivo labelling with 35S Cys. The only Cys 
residue in the sequence of YP1 is at position 12, and 
in YP2 at positions 8 and 12 (amino acid sequence 
predicted from the DNA sequence data of Hung and Wensink 
(1981; 1983) and Hovemann et al., (1981). Of the three 
YPS, only YP3 was seen to be labelled with 35 S Cys, 
suggesting that the leader peptide is at least 12 residues 
long in YP1 and YP2. Hung and Wensink (1981,1983) and 
Hovemann et al.,(1981) suggest from sequence data that the 
leader peptide consists of the 20 amino acids at the N-
termini of YP1 and YP2, as these regions show all the 
features expected of a eukaryotic leader sequence. 
Warren et al., (1979) also demonstrated that the 
YP5 are further modified after signal peptide cleavage, 
reaching their final molecular weights of 47000, 46000 
and 45000 daltons. Probable modifications to the YPs 
are phosphorylation and glycosylation. Brennan and 
Mahowald (1982) demonstrated, by in vitro labelling 
with 32P inorganic phosphate, that the YPs contained 
covalently attached phosphate groups. Phosphorylation 
of ovarian and fat body derived YP5 was investigated by 
labelling YP5 in vivo in ovaries transplanted into male 
hosts, with 32P inorganic phosphate, and comparing the 
partial proteolysis products with 32P labelled haemolymph 
proteins. No difference between YP5 from the two sources 
was detected in this respect. 
FIGURE 1.4 
Yolk Protein Synthesis in Drosophila. 
The YPs are represented diagrammatically as 
seen in 2-D PAGE analysis. 
cotranslational cleavage of leader peptide, 
with corresponding decrease in molecular 
weight. 
post-translational modifications to all 
three proteins. YP1 increases in mw. 
These modifications include glycosylation 
and phosphorylation. 
export to haemolymph. 
specific accumulation by the oocyte. 
b 	1. 









Glycosylation of the YP5 has been investigated by 
similar methods. Minoo and Postlethwait (195à)ablled 
i 	
14 the YPs in vivo, by injecting female flies with 
mannose and 14C-glucosamine. Radioactive label from 
both sugar species was incorporated into all three YPS. 
In contrast, Mintzas and Kambysellis (1982) estimated 
glycosylation by chemical methods following purification 
of individual YPs, and found that of the three YPs, only 
YP2 had substantial amounts of carbohydrate. 
The amino acid sequences of YP1 and YP2, as 
predicted from the DNA sequences (Hovemann et al., 1981; 
Hung and Wensink, 1981; 1983) reveal no N-linked glyco-
sylation sites (reviewed Wold, 1981) in YP1 and one in 
YP2, at position 25. However, other less well defined 
glycosylation sites exist, such as 0-linked glycosylation. 
It should be noted that much work on post-translational 
modifications of proteins is done in mammalian systems, 
which may bear little resemblance to insect systems. 
Indeed, Hughes and Butters (1981) suggest that the 
repertoire of carbohydrate side chains is more limited 
in insect than in mammalian systems. 
1.5 The Genetics and Molecular Genetics of the YP Genes 
Postlethwait and Jowett (1980) localised the YP 
genes to the X-chromosome using electrophoretic variants 
of the YPs. Subsequently, they were further localised 
using a range of first-chromosomal deficiencies. YPi 
and YP2 were uncovered by Df(1)C52 (a deletion of 
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8E - 9B), and yp3 by Df(1)HA92 (a deletion of 12A6 - 
12D3:). These data were confirmed by Barnett et al., 
(1980) during the cloning and characterisation of the / 
YP genes. Barnett et al. identified genomic clones 
encoding the YPs, by probing with cDNA synthesized from 
purif led YPmRNA. 
Ypl and yp2 were found to be closely linked: the 
regions containing ypi and yp2 are separated by 
approximately 1.2 kb. Subsequent work (Hung et al., 
1982) demonstrated that ypi and yp2 were divergently 
transcribed, and eacb.:.had a single, small, intron. 
Yp3 is less closely linked, being about 1000kb further 
along the X-chromosome (Barnett et al.,1980). 1p3 
contains two small introns (Hung et al.,1982). .Ypl 
and yp3 each encode a single transcript, while yp2 
produces two, differing slightly at their 3' ends 
(Hung et al..,1982) . Ypl and yp2 have been sequenced, 
along with the intergenic non-coding region (Hovemann 
et al., 1981; Hung and Wensink, 1981,1983), and yp3 
partly sequenced (A. Shirras, pers. comm.) . A comparison 
between the sequences of ypi and yp2, and their predicted 
polypeptides, show them to be remarkably conserved (Hung 
and Wensink, 1983). 
Ypl encodes a polypeptide of 439 amino acid residues, 
and yp2 a polypeptide of 442 residues. Both polypeptides 
have sequences at their amino termini characteristic of 
eukaryotic leader sequences: they are 20 hydrophobic 
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residues, with a polar tip (see review, Sabatini et al., 
1982). Comparison of the predicted amino acid sequences 
of YP1 and YP2 reveals the surprising fact that the two 
proteins are 53 % homologous, while the DNA sequences 
over the same region are 63 % homologous. No 
explanation for this is known. If ypl and yp2 are 
products of a gene duplication followed by divergent 
evolution, one would expect the amino acid sequences to 
be more homologous than the nucleotide sequences, due to 
the degeneracy of the genetic code, S even in the absence 
of selection. Hung and Wensink (1983) used the 
secondary structure prediction method of Chou and 
Fasman (1978a, 1978b) to attempt the prediction of the 
secondary structure of YP1 and Yp2, from deduced primary 
sequence data. The resulting structures display a good 
deal of similarity. Hung and Wensink suggest that this 
similarity reflects a structure of importance in the 
biological function of the two proteins. The limitations 
of secondary structure predictions are considerable, 
although structural similarities between two such 
obviously related proteins are to be expected. 
Another region of the yp sequences to be examined 
extensively by comparison is the yvl and yp2 intergenic 
region, presumably containing promoter regions for the 
two genes. 	Studies in this region localising various 
control regions will be described later. Hung and 
Wensink (1981; 1983) analysed the intergenic region in 
some detail, at the level of nucleotide sequence. In 
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neither ypi or yp2 is seen the conserved sequence 
GGCAATCT, the "CAT box", (Benoist et al.,1980), 
which is usually situated about 70-80 nucleotides up-
stream of the transcriptional start site. Consensus 
sequences corresponding to the "TATA box" are found 
at -26 to -33 bp relative to the transcription start 
site in ypi, and at -23 to -30 in-yp2. 
The 5' ends of the mRNAs transcribed from ypl 
and yp2 are within sequences similar to the consensus 
sequences of eukaryotic mRNA capping sites. These 
sequences are at -2 to +5 in ypi, and -2 to +4 in yp2. 
All these features are shown diagrammatically in 
figure 1.5. In each case, the relevant sequences are 
given. Also discussed by Hung and Wensink (1981,1983) 
are predicted secondary structures, consisting of a stem 
and loop in each case. Several of the consensus boxes 
are located within these structures, which are indicated 
in figure 1.5. With respect to these structures, the 
locations of the translation initiation codon, and rRNA 
complementarity are irrelevant, as the structures could 
not be formed in the mRNA, given that the transcription 
start site within the loop. The putative stem-loop 
structure in ypi would be more stable than that in yp2, 
where the predicted stem structure shows much less 
regular base-pairing. 
In comparisons between ypi and yp2 sequences, 
a 13bp region further upstream than the TATA box is 
FIGURE 1.5 
Upstream sequence features of ypi and yp2. 
The two sequences are aligned at their transcription 
start points. Sequences shown are, from left to 
right, 13bp conserved region, TATA box, cap sequence, 
and putative rRNA homology. 
Broken arrows indicate regions suggested by Hung 
and Wensink (1981, 1983) to assume a stem loop 
structure. Gaps in the arrows indicate mismatches 
in the stem. 
The transcription start point is at +1, and the 
open reading frames are indicated by solid boxed.. 
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seen to be conserved. It is located between -101 and 
-113bp in ypl, and between -1.49 and -161bp in y2, 
relative to the transcriptionstart points. Of the 13 
bases, all but two are conserved. In an attempt to 
suggest a function for this region, Hung and Wensink 
(1983) point out its similarity to the chicken 
progesterone receptor binding site reported by Mulvihill 
et al., (1982) , There is no equivalent conserved region 
upstream of yp3(A. Shirras, pers. comm.; Bownes, Shirras 
& Saunders, 1986 in press) 
With the development of P-element (Rubin and 
Spradling, 1982; Spradling and Rubin, 1982), a powerful 
new technique became available to investigate the control 
of gene expression in Drosophila. This approach has 
yielded much information concerning the control of 
YP1 and YP2 expression. Essentially the approach used 
has been deletion analysis, with the transcripts directed 
by the introduced up construct being distinguished from 
the endogenous transcripts by tagging with a fragment 
of M13 (Garabedian et al.,1985), or by truncation of 
the ypi gene (Tamura et al.,1985). Another approach 
has been to fuse various promoter constructs to a 
lacZ/hsp70 fusion, and to detect transcription, and 
subsequent translation, by -galactosidase activity 
(Garabedian et al.,1986). The experiments performed 
to date by these groups are summarised in figure 1.6. 
FIGURE 1.6 	 - 
Promoter Constructs used to determine the site of 
the ypi  and yp2  enhancers. 
Sequences are numbered from the transcription 
start points. Boxes indicate transcribed regions, 
filled boxes indicate translated sequences. 
In the case of G - L, the box represents an 
hsp/gal fusion. 
Full details are given in the text. 

































Construct C was made and analysed by',, Tamura 
et al., (1985) . Ypi is truncated, and the transcript 
runs off into P-element vector sequences, and is thus / 
detectable. 7p2 is present in its entirety, and YP2 
derived from the introduced yp2 was detected in flies 
homozygous for a mutant yp 2 allele, that effectively 
produces no yp2. Transcription from the introduced ypi 
was seen in the normal sites of YP1 synthesis, and the 
introduced YP2 was only synthesized in female flies, 
indicating that all the control element for ypi and yp2 
transcription are within the intergenic region, the 
immediate dounstream region of yp 2 , and the introns and 
exons of ypl and yp2. 
Garabedian et al.,(1985) separated ypl and yp 2 at 
the Hindlil site in the intergenic region, and made 
separate constructs (A and B in figure 1.6). The 
resulting transforinants expressed the introduced genes 
in female fat bodies only (ypl, construct A) or in 
ovaries only (yp2, construct B) , indicating that the 
control elements directing hcs- specific transcription 
lie either side of the Hindlil site, and that they 
each control genes. 
Constructs D, E, and F (Garabedian et al.,1986), 
again using M13 sequences inserted as a tag for ypi 
transcription, were used to further locate the fat body 
control element. Transformants with D and E transcribed 
the ypl-M13 gene in female fat bodies only, while 
construct F directed no synthesis. 
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In a series of constructs involving ypi upstream 
fragments and a lacZ/hsp70 fusion, Garabedian et al., 
1986) further located the fat body control element. / 
These constructs are labelled G, H, I and J in figure 
1.6. The control element was localised by these 
experiments to a 125bp region, from -196 to -321, 
relative to the ypi transcription start point. Constructs 
K and L showed that this tissue specific control element 
can direct correct expression when placed downstream (K) , 
and downstream in opposite orientation (L) from the gene 
to be controlled. In none of these cases was any analysis 
of hormonal control reported. More recently, Voss and 
Pongs (1986) have located sequences upstream of ypi and 
yp 2 that increase transcription five-fold in embryonic 
nucleus derived in vitro transcription extracts. These 
regions are -86 to -159 in the case of ypl and -161 to 
-341bp in the case of yp2. 
It can be deduced, from the studies described above, 
that elements capable of driving specific transcription 
in female fat bodies and ovaries are present in the ypl 
and yp2 intergenic region, and each drives both genes. 
1.6 The Genetic Control of Oogenesis in Drosophila 
The process of oogenesis is extremely complex, 
involving interactions between many organs and cell 
types of the adult fly. It is not surprising, therefore, 
that a large number of mutations that lead to female 
sterility have been identified (see, for example, 
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Lindsley and Grell, 1968; Lindsley and Ziinm, 1985). 
Many of these, while classified as femalestèrile mutants, 
do not specifically or directly affect oogenesis: 
rather, the effect on fertility is often a pleiotropic 
effect brought on by the special nature, and scale, of 
synthetic activity during oogenesis. Figure 1.7 indicates 
the basic outline of interactions involved in oogenesis, 
and sites known to be interrupted by female-sterile 
mutations. 
King and Mohler (1975) estimate the number of genes 
mutable to female-sterile alleles to be 645 (based on 
extensive searches for X-chromosomal female-sterile 
mutants), or approximately 13 % of the genome. King and 
Mohler also classified female-sterile mutations into 11 
groups (indicated in figure 1.7), but the steps in 
oogenesis affected. This classification includes genes 
not primarily or exclusively concerned with oogenesis, 
as well as those which function solely in oocyte 
development. Identifying the exact causes of sterility 
for any particular female-sterile mutant can be quite 
a problem, and strategies for analysing such mutants 
are discussed later. 
The female-sterile classes of King and Mohler are 
numbered roughly according to their developmental sites 
of action. The first class consists of those genes 
that, when mutated, affect the fly's progeny such that 
germ cells do not form. An example is grandchildless 
FIGURE 1.7 
Sites in the process of oogenesis known to be 
interrupted by female-sterile mutations. The 
numbers denote the classification referred to 
in the text. 
Modified from King and Mohler (1975). 
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(gs). Females homozygous for gs 87 (a temperature 
sensitive allele) lay eggs that develop into adults 
generally lacking gonads. Thierry-Mieg et al., (1973) 
determined the temperature-sensitive period as beginning 
at stage 7 of oogenesis, and ;ctinuina throughout the 
vitellogenic stages. 
The second class of mutations affect ovariolar 
differentiation. Several mutations of this class are 
known. Bakken (1973) induced three such mutants, 
that appeared to interrupt ovariolar differentiation at 
different stages. 
Class three comprises mutations affecting the 
cystocytes. Examples are fs(2)B, where cell division 
is complete (so the cystocytes have no intercellular 
bridges) , and does not cease after the fourth division. 
In contrast, Fs(2)D, a dominant female-sterile mutation, 
reduces the number of egg chambers formed, and of these, 
approximately 20% are cysts containing fewer cells than 
normal, the modal value being 2 (Yarger and King 1971). 
Mutants affecting the meiotic divisions and the 
behaviour of the oocyte chromosomes are members of class 
four. Many mutants of this class are known. For 
example, c(3)G68 is a mutation that is defective in 
crossing over (Hall, 1972) . Mei-9 is a mutation that 
lowers the recombination such that map distances are 9% 
those of wild type (Carpenter and Sandier, 1974). Several 
mutants are known that display differential effects on 
recomination frequency, depending on chromosomal location. 
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A good example of a mutation that does not act 
specifically on oogenesis is bobbed, a member of class 
five: mutants that affect nurse cells function. Bobbed 
loci represent partial deletions of genes encoding rRNA 
(Ritossa et al., 1966), and eggs are laid at a reduced 
rate by females homozygous for bobbed, although the 
eggs contain a normal amount of rRNA (Mohan and Ritossa, 
1970) 
Follicle cells are affected by class six mutations, 
such as tiny, and diminutive, affecting some of the 
follicle cell migrations, and consequently their 
subsequent synthetic activities. 
Vitellogenesis is affected by class eight mutations. 
An example of a female-sterile mutation affecting this 
process is fs(1)A1163, which is the subject of this 
thesis, although the vitellogenesis defect may not be 
the primary cause of sterility in this case. 
Class nine female-sterile mutations are those in 
which apparently normal stage 14 oocytes are produced, 
but the fly is unable to oviposit. An example is 
stubarista (sta). Seven nonallelic mutants have been 
isolated by Bakken (1973), which interfere with 
oviposition. 
The chorionic structure is, as described in previous 
sections, a complex structure, and a number of female-
sterile mutations are known which appear to cause the 
oocytes to develop with abnormal egg shell structures. 
An example of this is fs(1)K10, which has fused chorionic 
M. 
appendages, and an abnormal rounded shape (Weischaus 
et al., 1980) . This mutant has been of use as a mitotic 
recombination marker in characterising other female sterile 
mutants. Ocelliless causes defects in egg shell structure, 
and has been identified as causing an under-amplification 
of the 7E11-7F2 cluster of chorion protein gene clusters 
(Spradling and Mahowald, 1979,1981). 
Mutations of the final class, class eleven, exert 
their influence on fertility by maternal effects, where 
the embryo fails to develop correctly after fertilisation. 
Several such maternal effect loci have been discovered, 
many of which are concerned with maternal specification 
of early developmental events. Examples include 
extra sex combs (Struhi, 1981) , a locus controlling 
subsequent expression of the bithorax complex genes, 
and toll (Anderson ev al.,185a;1985b) , a locus 
controlling the specification of dorso-ventral polarity 
in the developing embryo. 
It is clear from the preceding classification that 
itis difficult to classify female-sterile mutations 
according to their apparent oogenic site of action: 
many appear to be pleiotropic. The mutant fs(1)A1163 
with which this thesis is concerned is an example, 
Bownes and Hames (1978b) and Bownes and Hodson (1980) 
observed chorion and vitelline membrane defects, as well 
as a YP1 secretion defect. These effects will be dealt 
with in greater detail later in this chapter. 
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As a consequence of the complexity of oogenesis, 
the process of characterising female-sterile mutations 
is difficult. Initially it is important to identify 
where oogenesis is disrupted, for example, are eggs 
laid by mutant females, and,if not, at what stage is 
oocyte development arrested ? In any case, the structure 
of the oocyte must be examined, to determine any 
morphological abnormalities. After determining what 
visible abnormalities are present, experiments to find 
out which tissues are involved in the sterility can be 
performed. 
Ovary transplant experiments, where mutant ovaries 
are transplanted into wild-type hosts, and vice versa, 
show whether or not the mutation is ovary autonomous. It 
is of importance in these experiments that transplanted 
ovaries are examined for all mutant features. If the 
mutation proves to be ovary autonomous, that is, a 
mutant ovary transplanted into a wild type host develops 
mutant oocytes, further experiments can be carried out 
to determine whether the mutation affects the germ-line 
directly or through interactions with somatic cells. 
Two major techniques are available to answer this question. 
The first involves transplanting pole cells from a mutant 
embryo into a wild-type host, and vice versa (Wieschaus 
and Szabad, 1979) . Pole cells are the first cells to 
form from the syncytial blastoderm (see, for example, 
Bownes, 1975), and ultimately form the germ line cells 
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(Sonnenbljck 1950) The gonads are formed from the 
germ line cells, and other, somatic, cells. If wild-  
type pole cells are transplanted into a female-sterile' 
mutant embryo, and the resulting' 'ovaries form some 
normal oocytes, and in the opposite experiment, resultant 
ovaries produce mutant oocytes, then the mutation can be 
seen to be germ-line dependent. Of course, embryos 
cannot be sexed, and a significant proportion of embryos 
will receive heterosexual pole cells, or be male. 
The other major technique used to define whether 
or not a female-sterile mutation is germ-line dependent 
is clonal analysis following mitotic recombination 
(see, for example, Weischaus et al.,1981; Perrimon 
and Gans, 1983). If suitable markers are available to 
determine the genotype of germ-line clones, this method 
can be used successfully. One example of this procedure 
is fs(1)A1163, which is described later, where the markers 
were mal, and fs(1)K10. 
Subsequently, the mutation can be localised both 
genetically and cytologically, the former by extensive 
crossing experiments, and the latter by using chromosomal 
deficiency strains with established breakpoints to find 
out which deficiencies uncover the mutant locus. In 
addition, any other female-sterile mutations known to 
lie close to the mutation under investigation can be 
tested for allelism. It is also worth noting that not 
all alleles of a female-sterile locus may be themselves 
female-sterile. 
1.7 The Female-sterile Mutation fs(1)A1163 
fs(1)A1163 was discovered in a large screen for 
first chromosomal female-sterile mutants by Gans et al., 
(1975). Fmaiès heterozygous for fs(1)A1163exhibit a 
temperature-sensitive sterility - they are sterile at 
290  C, but fertile at 18° C. Females homozygous for 
fs(1)A1163 are sterile at both these temperatures. 
Males carrying fs(1)A1163 are normal. Eggs laid by 
fs(1)A1163 heterozygotes at 29 ° C, and by fs(1)A1163 
homozygotes are flaccid, and are seen to have vitelline 
membrane and chorion abnormalities (Bownes and Hames, 
1978b) 
Bownes and Hames (1978b) screened a large number 
of female sterile mutants to discover any mutations 
affecting the YPs, and found that fs(1)A1163 had an 
altered distribution of YP1. In fs(1)A1163 homozygotes, 
YP1 is almost absent from the haemolymph and oocytes. 
Bownes and Hodson (1980) subsequently analysed the 
pattern of YP1 synthesis in fs(1)A1163 flies more closely. 
Flies homozygous for fs(1)A1163 display an accumulation 
of YP1, and to a lesser extent YP2, in the fat body at 
both 180 C and at 29 0 C. OrR female fat bodies contain 
very little YP in the fat bodies (the band seen in SDS 
PAGE of fat body proteins corresponding to YP3 is 
actually a comigrating protein species). Two-dimensional 
PAGE analysis of haemolymph YP5 at 29 ° C confirmed the 
reduction in yp1 concentration in fs(1)A11631fs(1)A1163 
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and fs(1)A11631+ haemolymph, and revealed the presence 
of an additional, minor, polypeptide of similar size as 
YP2. This polypeptide is precipitated by anti-YP anti-
bodies. It should be noted that this molecular weight 
corresponds to that of yP1 after signal peptide cleavage, 
but before post-translational modification. 
Bownes and Hodson (1980) also investigated the 
effects of application of 20-hydroxyecdysone and JH to 
fs(l)A1163 homozygotes, and found no effect on the 
patterns of YP synthesis. In an attempt to determine 
whether or not the YP1 secretion defect is responsible 
for the female-sterility phenotype, Bownes and Hodson 
(1980) mapped the lesion or lesions responsible for the 
two phenotypes. No f lies carrying recombinant X-
chromosomes were seen to have the female-sterile pheno-
type, but normal YP1 secretion, or vice versa. Because 
of experimental difficulties, the defects could not be 
precisely located, but were within 2.5 map units. While 
this does not exclude the possibility of two, albeit 
closely linked, lesions, it does suggest that both 
phenotypes have a common cause. 
Wieschaus et al., (1981) showed, by clonal analysis 
using the egg shape marker fs(1)K10, that the dominant, 
temperature sensitive fs(1)A1163 phenotype was not germ-
line dependent. Germ line clones wild-type for fs(1)A1163 
in a somatic background of fs(1)A1163 heterozygous 
tissue developed 000 r. Follicle cells in the ovary 
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are not germ-line, so this is consistent with the 	- 
suggestion that the female-sterility is due to the 
same lesion as that causing the YP1 secretion defect. 
It is suggested by the data of Bownes and Hodson 
(1980), that whatever is responsible for the YP1 1363 
secretion defect is cis-acting, since heterozygous 
flies display the secretion defect, and the implication 
is that the defect lies within the coding region of 
the YP1 gene. The nature of the YP1 163 secretion 
defect has also been investigated by Minoo (1982) and 
Postlethwait and Shirk (1981), who demonstrated that 
ypi 1163 mariA is present in normal quantities, and is 
translated in vitro by rabbit reticulocyte lysate 
cell free extract, and that this translation product 
appears to translocate normally in vitro into dog 
pancreas microsomes. 
Minoo (1982) detects no difference between YP1 and 
1161 YP1 	with respect to their post-translational 
modifications by phosphorylation and glycosylation. 
During the work described in this thesis, Minoo 
and Postlethwait (1985b)andGiorgi and Postlethwait 
(1985) reported studies on fs(1)A1163 which give a 
clearer picture of the basis of sterility in fs(1)A1163. 
Minoo and Postlethwait report that, while the mature 
forms of YP1 and YP1 1163 appear to be identical with 
respect to the post-translational modifications, YP1 
processing intermediates that are normally transient 
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are seen to accumulate in fs(1)A1163 flies. Giorgi 
and Jacob (1985) performed an EM ultrastructural 
analysis of ovarian follicle cells in fs(1)A1163 females 
and observed abnormalities in the secretory pathway of 
these cells, that appear to interfere with vitelline 
membrane deposition. 
The initial hypothesis with which this thesis was 
concerned was that sterility in fs(1)A1163 homozygotes 
was directly due to a lack of YP1 in the obcyte, with 
the temperature-sensitive dominant effect being due to 
some plieotropic interaction. However, the data of 
Giorgi and Postlethwait (1985) suggest that the 
sterility is due solely to a disruption of the normal 
secretory activity of the ovarian follicle cells in 
fs(1)A1163 individuals. 
Further evidence to support this view comes from 
the discovery that fs(1)K313, a first chromosomal 
female sterile mutant isolated by Komitopoulou et at., 
(1983), that was originally reported to be in the same 
complementation group as fs(1)A1163, in fact appeared 
to affect YP2 secretion (Williams, Saunders, Bownes 
and Scott, submitted). fs(1)A1163 and fs(1)K313 appear 
to be mutations in different genes, but effect their 
female-sterility phenotypes in very similar ways. 
1.8 Aims of the Project 
The initial objective was to identify any mutations 
1163 	 V24 present in the ypi 	gene, in comparison to the ypl.  
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gene, from the strain in which fs(l)A1163 was induced. 
In addition at attempt to identify the causes of 
sterility and the relationship of this phenotype with 
the YP1 1163 secretion defect, using the technique of 
P-element mediated germ-line transformation. 
Finally, an attempt was to be made to identify 
K313 
the lesion responsible for the yP2 	secretion defect. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1.1 Drosophila Stocks and Maintenance 
Two types of fly medium were used. The medium used 
for maintenance of fly stocks was a cornmeal, yeast, 
sugar and agar medium. A softer medium was used to rear 
larvae from injected embryos, made with yeast, sugar and 
agar. Both these media included nipagin at a final 
concentration of approximately 4.5g per litre, as a 
fungicide. Where necessary (see 2.2.13) this medium 
was supplemented with the antibiotic Geneticin G418 (BRL) 
at a final concentration of 1mg ml'. G418 was stored 
as an aqueous solution at 20mg ml- 1  at _200 C. 
Embryos were collected from freshly eclosed adults 
aged for 2-3 days on yeasty fly food, at 18 ° C. The 
flies were transferred to clean bottles, and allowed to 
lay on lightly yeasted 3% agar plates, darkened with 
treacle, and containing approximately 1% ethanol, and 
1% acetic acid, again at 180 C. The flies were cleared 
of stored eggs by leaving the first collection plate for 
3 hours, and discarding the eggs. Subsequent 1 hour 
collections were found to contain mostly embryos of stages 
1 and 2 (Bownes, 1975). 
Drosophila stocks are listed in table 2.1, with notes 
on their relevant features. All symbols are listed in 
Lindsley and Grell (1967), and Lindsley and Zimm (1985) 
TABLE 2.1 DROSOPHILA STOCKS 
Stock 	 Relevant Details 
Oregon R 	 A wild-type strain 
LCO9 YP1 	 A fast electrophoretic variant 
of YP1. X-chromosome marked 
with vermilion 
HS21 	 A stock transformed with pUChsneo 
and used at positive control in 
G418 selection 
fs(1)A1163/FM3 	A first-chromosomal female sterile 
mutant, affecting YP1. 
X-chromosome marked with vermilion 
fs(1)K313/FM3 	 A first chromosomal female-sterile 
mutant, affecting YP2. X-chromosome 
marked with vermilion  
Lindsley and Grell (1968) 
Postlethwait and Shirk (1981) 
Steller and Pirrotta (1985) 
Gans et al, (1975) 
Bownes and Hodson (1980) 
Komitopoulou et al. (1983) 
J. L. W. Williams and M Bownes 
(pers. comm.) 
Balancer chromosomes used areas follows: 
TM3 : In(3LR)TM3,yri pp  sep SU(HW)2.bX34e  Sb Ser 
CyO : In(2LR)O, Cy dp 41 pr cn2 	 - 
FM3 : In(1)FM3, L(1), y 31d sc 8 din B L(1). 
2.1.2 Bacterial and Phage Strains 
Bacterial and phage strains used are listed in 
table 2.2. Plasmids used are also included. 
2.1.3 Standard Solutions and Media 
L-broth: lOg Difco Bacto Tryptone 
5g Difco Bacto Yeast extract 
lOg NaCl 
made to 1 litre, and adjusted to pH 7.2. 
L-agar: 	as L-broth, but containing 15g agar 
per litre. 
BBL agar: lOg BBL Trypticase 
5g NaCl 
lOg Agar 
made to 1 litre 
BBL top layer agar: 
no BBL agar, except 6.5g agar per litre. 
Phage Buffer: 
3g KH2PO4 
7g Na 2HPO4 
5g NaCl 
lOml 0.1M MgSO4 
lOmi 0.01M CaC1 2 
ml 1% gelatine solution 
made to 1 litre. 
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TABLE 2.2 Bacterial and phage strains 
Use 	 Reference 
Selection of ci recombinant A Murray (1983) 
Used for grwoth of ANM1149 	Appleyard (1956) 
Used as a host for M13mp18 
and 19 phages, and for 	 Gough and Murray (1983) 
pUChsneo 
Immunity insertion vector, 
for EcoRI and Hindlil 
fragments 
Vectors used for production 
of sequencing templates 
pBR322 containing Hindlil 
fragments corresponding to 
ypl and yp2 
P-element germ-line 
transformation vector 
Plasmid containing a helper 
element for P-element germ-
line transformation 
Murray (1983) 
Norrander et al. (1983) 
Barnett at al. (1980) 
Steller and Pirrotta (198 
Karess and Rubin (1984) 
















300m1 water agar 	- 
80m1 5v Spizizen salts 
4m1 20% Glucose 
Minimal medium is supplemented with Biotn to 
for growth of NM522. 
X-Gal/IpTG Indicator Plates: 
25pl of 2% X-gal in dimethylformamide 
and 25).il of IPTG were added to the plates either 
in the top layer, or by spreading. 
- 
Ampicillin stock solution 25mg m1 1 
in H 2  0 
used at: 50jig ml -1 
SSC, 20x: 
3M, NaCl, 0.3M Na 3 Citrate 
Denhardts Solution, lOx: 
0.2%(w/v) ESA; 0.2%(w/v)pVp; 0.2%(w/v)Fjcoll 
TBE: 
10 x TBE is 108g Tris. base 
55g Boric Acid 
9.3g EDTA 
made to 1 litre 
TE: 
10mM Tris.HC1,pH 8.0; 1mM EDTA 
Sequencing TE (SEQTE) 




Termination. mixes: made as follows: 	(volumes in 	jil) 
T C G A 
0.5mM dTTP 25 500 500 500 
0.5mM dCTP 500 25 500 500 
0.5mM dGTP 500 500 25 500 
10mM ddTTP 50 
10mM ddCTP 8 
10mM ddGTP 16 
10mM ddATP 1 
Sequencing TE 1000 1000 1000 500 
Total volume 2075 2033 2041 	2001 
TM: 
0.1M Tris.HC1, 50mM MgC1 2 , pH 8.5. 
Primer mix,per clone to be sequenced: 
ipi 17-mer primer (0.2 pmole) 
lul TM 
3111 H 2  0 
Kiefiow mix, per clone to be sequenced: 
4Ci 	35 S dATP (Amersham) 
1.5 units Kienow fragment 
0.9pl 0.1M Tris.HC1 pH 9.5 
0.9p1 0.1M DTT 
H 2  0 to 9pl 
Chase: 
dTTP, dCTP, dGTP, dATP each at 0.25mM. 
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Formamide Dyes: 
0.1%(w/v) 	Xylene Cyanol 
0.1%(w/v) Bromophenol Blue 
10mM EDTA 
in 10Op1 deionised Formamide 
Protein gel solutions: 
Separating Gel solutions 20% 7% 
3M Tris. HC1 pH 8.8 3m1 3ml 
10%(v/v) 	SDS 0.2m1 0.2ml 
30%:0.8% Acrylamide: 
bisacrylamide 13.3m1 4.65m1 
80% sucrose 3.4inl - 
H 2  0 0.6m1 12.7m1 
15% APS 35p1 35ii1 
TEMED 5.5pl 5.5i.il 
Stacking Gel Solution 
0.5M Tris. HC1 pH 6.8 	 1.25ml 
30%:0.8% Acrylamide:bisacrylamide 	1 .25ml 
10% SDS 	 0.1 ml 
H 2 0 	 7.3 ml 
15% APS 	 75pl 
TEMED 	 7pl 
Gel Running buffer, lOx: 
Glycine 	144g 
TrisHbase 	30.2g 
SDS 	 lOg 
made up to 1 litre. 
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Loading buffer: 





0.01% Bromophenol blue 
In vitro packaging of Aphage DNA 
Buffer Ml: 	110 p1 H 2  0 
6 p1 0.5M Tris. HC1 pH 7.5 
300 p1 50mM sperrnidine, 100mM putrescine, 
neutralised with Tris base 
9 p1 1M MgC1 2 
75 p1 0.1M ATP, neutralised with NH 4 OH 
1 p1 -mercaptoethanol 
Buffer A: 	20 mM Trig. HC1 pH 8.0 
3 mM MgC12 
0.05% (v/v) 	-mercaptoethanol 




12g Tris base 
made to 3200m1 with dH 2 O, then 
800m1 methanol added. 
TS: 	 20mM Tris. HC1 pH 7.4 
0.9%(w/v) NaCl 
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OTS: 	5% 	Oalbumin 
20mM 	Tris. HC1 pH 7.4 
0.9%(w/v) NaC1 
0.5mg ml Sodium azide 
Developing solution: 
42m1 dH2 O 
	
5m1 	0.1M Imidazole, pH 7.6 
0.5m1 	30% H 2 0  2 
2.5m1 	5mg ml-1 o-dianisidine 
5 Omi 
2.2.1 Enzymes 
2.2.1.1 Restriction Enzymes 
Restriction Enzymes were purchased from Pharmacia, 
Amershain, Boehringer and NBL, and reaction conditions 
were those recommended by the manufacturer. After 
digestion, restriction enzymes were inactivated by 
phenol extraction. 
2.2.1.2 Ligase 
T4 DNA Ligase was purchased from Boehringer. 
Ligations were incubated overnight at 16 ° C in 66mM 
Tris. HC1 pH 7.6, 6.6mM MgC1 2 , 10mM DTT, supplemented 
with 0.1mM ATP for cohesive and ligations and 1mM ATP 
for blunt end ligations. 1 unit of T4 DNA ligase was 
added in blunt end ligations, and 0.01 to 0.1 units for 
cohesive end ligations. 
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2.2.1.3 Calf Intestinal Alkaline Phosphatase (CIP) 
Calf Intestinal Alkaline Phosphatase was supplied 
by Boehringer. Vector DNA was phosphatased by adjusting 
the solution to 50mM Tris pH 8.0, 0.1mM EDTA, adding 
5 units CIP, and incubating for 30 minutes at 37 ° C for 3' 
protruding ends and at 500  C for 3' recessed or blunt 
ends. CIp was inactivated by phenol extraction. 
2.2.1.4 Nick Translation of DNA (Rigby et al., 1977) 
lug of DNA was usually labelled by nick translation 
in a 20ulreaction mix containing 
dTTP, dGTP, dATP at 0.1 mM each, and 30pCi of 32PdCTP 
(400 Cimmol 1,  1\mersham). lul of 2 x 10- 5 mg ml- 1 
DNase I was added, and the mixture incubated at 37 ° C 
for 15 minutes. 5 units of DNA polynase I was added, 
and the reaction mix incubated at 16 ° C for 1 - 2 hours. 
Incorporation of 32P was estimated by CTAB' precipitation 
as follows: 
ipi from the reaction was added to 0,5ml of 
2 x SSC. 0.25m1 of 1M sodium acetate pH 4.75 
containing 2mg ml yeast RNA and 0.25ml of 4% 
cetyltrirné.thylarnmonium bromide were added, mixed 
and incubated at room temperature. The precipitate 
was collected on glass fibre filters, dried, and 
scintillation counted. Generally, 50% to 70% 
incorporation was achieved, with probes being 
c.prn per jig. 
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2.2.1.5 Labelling DNA by random priming 
(Feinberg and Vogeistein 1983; 1984) 
The DNA fragment of interest was purified from a 
restriction digest by electrophoresis in low gelling 
temperature agarose. The desired band was cut out, 
and added to 3m1 H 2  0 per gram of gel slice, and boiled 
for seven minutes, then stored frozen. Before use, the 
gel mix was boiled for three minutes immediately before 
adding it to the reaction mix. The reaction was in a 
volume of 50'.il, containing lOpl OLB, ipi 20 mg ml 	BSA, 
32.5pl DNA in agarose slurry, 50tCi 32PdCTP, ll (4.5 
units) Kienow fragment of DNA polymerase I. OLE is made 
from a mixture of 50.jl solution A (1.25M Tris. HC1 pH 8.0, 
0.125M MgCl 2 , 25mM 	-mercaptoethanol, 0.5mM in each 
dTTP, dCTP and dGTP), 1251dl solution B (2M HEPES adjusted 
to pH 6.6 with NaOH), and 75l solution C (random 
hexanucleotides, in solution at 90 0D260 units per ml, 
in TE). 
Other enzymes 
Kienow fragment of DNA polymerase I, was purchased 
from Boehringer, and from Pharmacia. 
2.2.2 Gel Electrophoresis 
2.2.2.1 Agarose Gels 
Agarose gels were made and run in 1 x TBE gel 
buffer. The concentration of agarose varied according 
to the size of DNA fragments to be separated, but was 
typically 0.6 - 1.0%. Generally, agarose gels were 
poured containing 0.5 iig m1 ethidium bromide, and the 
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gel buffer in these cases contained ethidium bromide 
to the same concentration. Gels were run in a sub-
merged gel tank at 100-200v for 1-4 hours. 
2.2.2.2 Isolation of DNA from Agarose Gels 
Phage or plasmid DNA was digested with the 
appropriate enzyme to liberate the desired DNA 
fragment. The DNA fragments were then separated by 
agarose gel electrophoresis, and the DNA band of 
interest excised. The DNA was electroeluted from 
the gel slice in a dialysis bag containing 1 x TBE gel 
buffer. After 15 minutes Of electroelution at 200v, 
the polarity of current was reversed for 1-2 minutes, 
and the gel buffer, containing the DNA fragment, 
removed. The TBE buffer containing the DNA was passed 
through a DEAE52 cellulose column equilibrated in 
TE,O.1M NaCl. The column was then washed with 3 
lml aliquots of TE containing 0.3M NaCl, and the DNA 
eluted with 3 O.Sml aliquots of TE containing 0.6M 
NaCl. Two volumes of cold ethanol were added, and 
the DNA precipitated overnight at _200  C. 
2.2.2.3 Sequencing Gels 
Sequencing gels were 6% Acrylamide (19:1 acrylamide: 
bisacrylamide), in TBE gel buffer, containing 7.7M Urea, 
and were 40cm x 20cm x 0.4mm thick. Non-gradient gels 
were poured with 0.5 x TBE acrylamide gel, while buffer 
gradient gels were poured with 2.5 x TBE gel at the 
2.2.2.4a Collection of protein samples from adult 
Drosophila 
The flies were fixed to a slide using double 
sided adhesive tape, the haemolymph removed through 
the anterior ventral surface of the thorax using a 
pulled capillary, and thendissected in Ringer's 
solution. The samples referred to as fat bodies 
are actually the abdominal body walls, with attached 
fat body. 
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bottom, and 0.5 x TBE at the top. The gradient was 
formed in a lOmi pipette. Sequencing gels were run 
at 25W for the desired length of time, then fixed in 
10% methanol, 10% Acetic acid for 15 minutes, dried, 
and exposed for 24-48 hours in direct contact with 
X-ray film. 
2.2.2.4 Acrylamide gels for Protein separation 
Acrylamide gels for protein separation were gradient 
gels, poured using a two-chambered gradient pouring 
device, via a peristaltic pump. The usual gradient was 
7% to 20% acrylamide (30:0.8 acrylamide:bisacrylamide), 
made up as described earlier. Samihies were collected 
into 25pl loading buffer, boiled for 10 minutes, 
vortexed, and centrifuged before loading. Gels were 
run at 140V overnight. 
After electrophoresis, gels were fixed in 20% TCA 
for 30 minutes, then stained in a 0.1% solution of 
Coomassie blue in 45% methanol, 10% Acetic acid for 
1-2 hours, and destained in 45% Methanol, 10% Acetic 
acid. 
Greater sensitivity was obtained by: silver staining, 
as follows. Gels were soaked in 45% methanol, 10% acetic 
acid for 30 minutes, then in 5% methanol, 7% acetic acid 
for a further 30 minutes. The gels were soaked in 10% 
glutaraldehyde for 30 minutes and washed extensively in 
distilled water for at least an hour. The gels were 
then soaked in 5pg ml 	DTT for 30 minutes, 0.1%(w/v) 
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AgNO3 for 30 minutes, washed in distilled water three 
times, and in 3%(w/v) Na 2CO3 . The gels were then 
developed in 3%(w/v) Na2C) 3 , 0.037% formaldehyde. 
The developing reaction was terminated by adding 
volume of 2.3M citric acid. The gels were then washed 
in distilled water, and stored in 0.03%(w/v) Na 2 C) 3 , 
in the dark. 
2.2.3 	Bacterial Transformation (Mandel and Higa, 1970) 
lOOmi of L-broth was inoculated with imi of an 
overnight culture of the relevant bacterial strain, 
and grown to 0D650 	0.5, at 37 ° C with shaking. The 
cells were then pelleted by centrifugation (5000rpm, 
in the GSA rotor), resuspended in 50m1 of ice-cold 
50mM MgC1 2 , and incubated on ice for 20 minutes, 
repelleted, and resuspended in 2.5m1 ice-cold 50mM 
Cad 2 . At this point, the cells were kept on ice for 
at least 30 minutes, and as long as 24 hours. One 
0.15m1 aliquot was removed for each transformation, 
mixed with the DNA, incubated on ice for 30 minutes, 
then heatshocked at 42° C for 2 minutes, before plating 
in top layer agar, in the case of bacterLophage DNA, or 
by spreading, after a suitable period of incubation 
for antibiotic resistance expression, in the case of 
plasmid DNA. X-gal and IPTG were added as required, 
and as described earlier. 
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2.2.3.1 Preparation of cells for plating phage A 
lOOmi L-broth supplemented with maltose to 0.2%(w/v) 
was inoculated with one colony of the relevant strain, 
and incubated at 37 ° C with shaking, overnight. The 
cells were then pelleted, resuspended in 10mM MgSO 4 , 
and stored at 4 °C for up to two weeks. 0.lml to 0.2m1 
of this cell suspension were used per 90mm plate. 
Phage A at a suitable dilution, in phage buffer, were 
added to the cells, and incubated at room temperature 
for 20 minutes, then mixed with 3m1 molten BBL top agar, 
and plated. 
2.2.4 Preparation of Plasmid DNA 
Large-scale: 500m1 of L-broth supplemented with the 
appropriate antibiotic was inoculated with 5m1 of a 
fresh overnight culture of bacteria containing the 
plasmid, and grown overnight at 37 ° C. The cells 
were pelleted, and resuspended in lOmi of ice-cold 
50mM glucose, 25mM Tris. HC1 pH 8.0, 10mM EDTA. 200u1 
of 5mg ml- 1  lysozyme was added, and the suspension 
incubated on ice for 5 minutes. 20inl of 0.2M NaOH, 1% SDS 
was added, and the mixture incubated on ice for a further 
five minutes, after which 15m1 of 3M sodium acetate, 
pH 5.5 was added, and incubated for 60 minutes, on ice. 
Chromosomal DNA was pelleted by centrifugation (12000rpm, 
GSA rotor) , and the supernatant removed, phenol 
extracted, chloroform extracted, and the DNA precipitated 
by the addition of 0.6 volumes of isopropanol, followed 
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by incubation on ice for 60 minutes. The DNA was 
pelleted by centrifugation and resuspended in lOmi TE. 
To each lOmi of TE containing plasmid DNA, lOg CsCl 
and imi of 10mg ml- 1  ethidium bromide were added. The 
resulting solution was centrifuged at 38,000rpm in a Ti50 
rotor at 180  C for 48 hours, after which the bands of 
DNA were visualised using UV illumination, and the lower 
band collected. The ethidiui n bromide was removed by 
several rounds of extraction with NaC1/TE saturated 
isopropanol, and the CsC1 by dialysis against 'TE. 
Small scale: 1.5ml of cells grown overnight were 
pelleted, and the supernatant discarded. 901 of 0.1M NaCl, 
10mM Tris. HC1 pH 8.0, 1mM EDTA and 10i1 of 10mg ml 
lysozyme were added, vortexed, and boiled for 40 seconds. 
After 10 minutes centrifugation, the supernatant was 
removed, 400 il 0.3M sodium acetate pH 7.0 added, phenol 
extracted, chloroform extracted, and the DNA precipitated 
by the addition of 1 volume isopropoanol, and incubation 
at -20° C for 30 minutes. 
2.2.5 Preparation of Replicative Form DNA of 
Bacteriophage M13 
A fresh overnight culture of NM522 was diluted 1:100 
with L-broth and grown to 0D 650 = 0.05-02. 2 ml of this 
culture was inoculated with a single plaque and grown at 
37 C for 12-18 hours. 1.5m1 was centrifuged in a bench 
centrifuge, and the supernatant titrated. 50m1 of NM522 
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grown to OD 650 = 0.05-0.2 were infected with phage 
-1 	 0 to a density of 10 9 pfu ml , and grown at 37 C for 
16-18 hours. The cells were then pelleted, and the 
supernatant titrated. 
250m1 of a 1:100 dilution of an overnight 
culture of NM522 were grown to 0D650 	1, infected 
with phage at 1010  pfu Ml- 1 , and grown for 2 hours 
at 370 c with shaking. The cells were pelleted, and 
the RF DNA extracted following the procedure for plasmid 
DNA extraction. 
2.2.6 Extraction of DNA from A phage. 
CsC1 banded phage were dialysed against several 
changes of 50mM Tris, HC1 pH 8.0, 10mM NaCl, 10mM MgC1 2 
at room temperature for 2 hours. EDTA was added to a 
final concentration of 20mM, and SDS to 0.5%. 
Proteinase K was added to 50iig m1 1 , the mixture 
incubated at 650  C for 1 hour, and phenol extracted, 
phenol/chloroform extracted, and chloroform extracted. 
The DNA solution was dialysed against TE overnight at 
40 C, and ethanol precipitated if necessary. 
2.2.7 Extraction of Genomic DNA from dult Drosophila 
The flies were etherized, frozen in liquid 
nitrogen, and homogenised in ice-cold 25mM Tris. HC1 pH 7.4, 
50mM EDTA. The homogenate was adjusted to 1% 
proteinase K added to 50pg ml, and incubated at 65 ° C 
for 3 hours. The homogenate was then phenol extracted 
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twice and dialysed overnight against TE at 4 ° C. 
The nucleic acid was ethanol -precipitated, resuspended 
in TE, and digested with boiled RNaseA at20011g ml- 1 
for 1 hour at 370  c, then phenol extracted and again 
dialysed against TE overnight at 40  C. The DNA was 
again ethanol precipitated, pelleted, dried, and 
resuspended in TE. 
A rapid method for DNA extraction from single 
adult Drosophila was also used. This method is 
essentially that of Marcus (1985). A single fly was 
frozen in liquid nitrogen, and homogenised in 59itl 
0.15M NaCl, 15mM EDTA, 50mM Tris. HC1, pH 8.0. SOUl 
of the same buffer containing 0.04% SDS was added. 
Proteinase K was added to 50pg ml, and the 
homogenate was incubated at 650  C for 60 minutes. The 
homogenate was phenol extracted, then dialysed 
overnight against TE, at 40  C. The DNA was concentrated 
by ethanol precipitation. 
2.2.8 In vitro packaging of phage A DNA. 
In vitro packaging extracts were prepared by the 
following method: 
Freeze Thaw Lysate (FTL) Three 500ml cultures of 
BHB2688 were grown in L-broth at 30 ° C, until 
OD 650 = 0.3, when the cells were induced by placing 
the flasks at 45° C for 15 minutes. The cells were 
grown for a further period of 1-2 hours at 370  C, 
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until they were fully induced. The cells were 
pelleted by centrifugation, and all the supernatant 
drained off. The cells were resuspended in 6m1 of 
ice-cold 10% sucrose, 50mM Tris. HC1, pH 7.5, and 
divided into two lOmi centrifuge tubes. 70il of a 
fresh 2mg ml 	lysozyme solution in 0.25M Tris. HC1 
pH 7.5 was added to each tube, which were then frozen 
in liquid nitrogen, and stored at _700 C. The lysate 
was thawed on ice, 75pJ. Ml buffer was added, and 
mixed well. The lysate was then centrifuged at 35,000 
rpm in a Beckman Ti50 rotor for 35 minutes at 40  C. 
The supernatant was removed, and dispensed into 50pl 
aliquots, which were quick frozen in liquid nitrogen, 
and stored at _700  C. 
Sonicated Extract (SE) 	A 500m1 culture of BHB2690 
was grown to OD 
6500.3  at 30
0  C, then induced and 
pelleted as for the FTL. The cells were resuspended 
in 4.6m1 of buffer A, and sonicated until the 
preparation was not viscous. The suspension was 
centrifuged at 6000rpm in an SS-34 rotor for 6 minutes, 
at 0-4° C, and the supernatant dispensed into 50ul 
aliquots, which were quick frozen in liquid 
nitrogen, and stored at _700 C. 
Aliquots of FTL and SE were thawed on ice. 
To 7p1 buffer A were added, in order, 1-2pl DNA 
solution (approximately 1mg m1 1 ), lul buffer Ml, 
6pl SE, and 10pl FTL. The mixture was incubated at 
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25° C for 60 minutes, then diluted to 5001il with 
phage buffer, and titrated. 
2.2.9 Plaque Detection by Blotting 
Packaged DNA was plated to a density of 5000 
plaques per petri dish, in lawns of NM514. Nitro-
cellulose filters were cut slightly larger than 
required, and autoclaved. Two filters were lifted 
from each plate. Each filter was placed on the surface 
of the plate for 1 minute, then lifted off and placed, 
plaque side uppermost, on a pad, of blotting paper 
soaked in 0.5M NaOH, 1.5m NaCl for 2 minutes, then 
placed in 0.5M Tris. HC1 pH 7.4, 3M NaCl for at least 
1 minute, washed briefly in 2 x SSC, dried, and 
baked at 50 ° C in vacuum for 90 minutes. 
The filters were prehybridised in hybridisation 
buffer (4 x SSC, 50% Formamide, 1 x Denhardts, 
lOOug m1 1 sonicated salmon sperm DNA) for 1 hour 
at 37° C with shaking, then hybridised as for Southern 
blots (see 2.2.11). The filters were washed in two 
changes of 2 x SSC, 0.1% SDS at 37 ° C, for 1 hour, 
then it two changes of 0.5 x SSC at 37 ° C for 1 hour. 
The filters were then dried, and exposed to pre-flashed 
X-ray film at -70 ° C for 2-16 hours. 
Plaques corresponding to positive signals were 
picked, diluted, and replated, and the procedure 
repeated until single, isolated positive plaques were 
identified. 
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2.2.10 	Preparation of A Phage 
A single plaque was picked placed in 0.5m1 phage 
buffer, and vortexed briefly. 0.lml aliquots were 
plated with the appropriate bacterial strain, and 
incubated until confluent lysis had occurred (5-6 
hours). 4m1 of L-broth was poured onto each plate 
and left overnight at 40 C. The L-broth was then 
removed and titrated. The titre was usually about 
10 ,11  pfu ml- 1. 
A fresh overnight culture of the appropriate 
E.colj strain was diluted 1:20 into lOOmi L-broth, 
supplemented with 10mM MgSO 4 , and grown to 0D 650 = 0.5, 
at 370 c, with vigorous shaking. 	The cells were 
infected to m.o.i. 0.1 (assuming 0D 650 = 0.5 
corresponds to 2.5 x 108 cells ml- 1 , this requires 
approximately 2.5 x 10 pfu), and incubation was 
continued at 37 ° C, with vigorous shaking. The OD 650
of the culture was followed, and generally rose to 
1.8 to 2.3, before falling rapidly as the cells lysed. 
When the lysate reached a minimum OD 	 (about 3 hours 
after infection). 200pl of chloroform, and 4g NaCl 
were added, and mixed DNase and RNase were added to 
lktg mleach, and the lysate was incubated at room 
temperature for 1 hour. 
Cell debris was removed by centrifugation at 
10000rpm for 10 minutes, and 25ml of 50% PEG 6000 
added to the supernatant, and mixed. Phage were allowed to 
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precipitate at,4 0 Covernicrht, and collected.by 
centrifugation at 10000rpm for 10 minutes. The phage 
were gently resuspended in lOmi phage buffer. 0.73g 
C9C1 was added per ml of phage buffer, and the phage 
preparation was centrifuged in a Beckman Ti50 rotor 
at 38000r.prn, at 18° C, for 20-24 hours. The phage 
band was removed with a syringe, and the phage stored 
in the CsC1/Phage buffer solution at 4 ° C. 
2.2.11 Southern Blots 	(Southern, 1975) 
Gels used for Southern blots were prepared with 
Miles Seakem agarose. After completion of electrophoresis, 
the gel was soaked in 0.5M NaOH, 1.5M NaCl for 40-60 
minutes, depending on the thickness of the gel. The 
gel was washed in distilled water, then soaked for 60-90 
minutes in 1M Tris. HC1 pH 5.5, 3M NaCl, and washed 
in 2 x SSC for 10 minutes. 
A blotting paper wick was placed on a platform 
supported above a tank of 20 x SSC, such that the two 
ends of the wick were immersed in the buffer. The wick 
was thoroughly wetted with 20 x SSC, and the gel laid 
on top. The nitrocellulose filter, cut to the same size 
as the gel was soaked in 2 x SSC, for 12 mintes, then 
laid on top of the gel. Three pieces of blotting paper, 
cut to the same size as the gel were wetted with 2 x SSC, 
and laid on top of the nitrocellulose. Care was taken 
during these steps to eliminate any air bubbles. Further 
pieces of blotting paper, cut to the size of the gel were 
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laid dry on top of the wet paper, to a thickness of 
2-5 cm. A similar stack of paper towels was laid on 
top of this, and a weight placed on the towels. The 
apparatus was covered with saran-wrap, and transfer 
was allowed to continue overnight. 
The nitrocellulose filter was removed, rinsed 
briefly in 2 x SSC, then dried, and baked at 80 ° C, 
in.a vacuum oven for 90 minutes. The filter was 
prehybridised in hybridisation buffer (4 x SSC, 50% 
-1 Formamide, 1 x Denhardts, lOug ml sonicated salmon 
sperm DNA) for 1 hour at 37 0 C, with shaking. The 
hybridisation buffer was drained off, and replaced 
with lOmi hybridisation buffer containing radio-
labelled probe DNA. The probe, in hybridisation 
buffer, was boiled for 10 minutes, then codléd on 
ice before being added to the filter. Hybridisations 
were incubated at 37° C,with shaking, overnight in 
sealed plastic bags. 
After hybridisation, filters were washed in two 
changes of 2 x SSC, 0.1% SDS (30-60 minutes each, at 
370 C, with shaking), then in two changes of 0.5 x ssc 
(30-60 minutes each at 37 ° C - 65° C). Filters were 
then dried, and exposed to pre-flashed X-ray film 
at -70° C. 
2.2.12 DNA Sequencing 
DNA was sequenced using the dideoxynucleotide 
chain termination method of Sanger et al., (1977). 
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Template DNA was prepared as follows An overnight 
culture of NM522 was diluted 1:100 in L-broth, and 1.5m1 
aliquots inoculated with single recombinant M13 plaques', 
and incubated for 4-6 hours at 37 ° C with vigorous 
shaking. The cells were pelleted by centrifugation, 
and the phage precipitated from the supernatant by 
adding 150U1 of 20% PEG6000, 2.5M NaCl, and incubating 
at 4 ° C for 20-30 minutes. The phage were pelleted by 
centrifugation, and the supernatant discarded. The 
pellets were centrifuged briefly, and excess supernatant 
removed, before being resuspended in lOOl Sequencing TE 
buffer (SEQTE). The phage suspension was phenol 
extracted, then ethanol precipitated with 1Oil 3M 
§odium acetate and 250p1 ethanol. The DNA was pelleted, 
washed with 95% ethanol, dried, and resuspended in 30jil 
SEQTE. 
Sequencing Reactions. .5311 of template DNA was 
annealed with 5pl of primer mix at 65 ° C, for 1 hour, 
and 2p1 aliquots dispensed into capless tubes in a 





2.il of the relevant termination mix (indicated by the 
letters T, C, G and A above), and 21ilofIabel/Klenow 
mix were deposited on the inside rim of the tubes, 
and the reaction started by centrifugation, causing 
the solutions to mix at the bottom of the tubes. The 
reactions were incubated at room temperature for 25 
minutes, then 2jil of chase solution was added as above, 
and the reactions were incubated for a further 15 
minutes at room temperature. 21i1 of formamide dye mix 
was added to each reaction, and they were then boiled 
for 3 32- minutes before loading on sequencing gels. 
Reactions were also performed in siliconised micro-
titre plates, by essentially the same method, except 
the plates were heated at 800 C for 10 minutes instead 
of the boiling step, prior to loading the gel. 
Reverse sequencing was performed essentially 
as described by Hong (1981). 7il of template was 
mixed with 2iil of normal (forward) sequencing primer 
(0.4 pmoles) and lul of TM, and annealed at 65 ° C for 
1 hour. 2il of a solution of dATP, dTTP, dGTP and dCTP, 
each at 0.5mM was added, with lpl (4.5 units) Kienow 
fragment of DNA polymerase, and the reaction incubated 
at room temperature for 15 minutes. A further liii of 
Kienow was added, and the incubation continued for 15 
minutes. The reaction was heated to 65 ° C for 5 minutes, 
and the template DNA precipitated with 15 1 1.6M NaCl, 
13% PEG6000, followed by incubation on ice for 60 
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minutes. The DNA was pelleted, washed with 40p1 
0.8M NaCl, 6.5% PEG6000, recentrifuged, and all of the 
supernatant discarded. The pellet was dissolved in 
50pl SEQTE, phenol extracted, chloroform extracted, 
and precipitated with 4pl 3M NaAc and 150pl ethanol. 
The DNA was pelleted and resuspended in 9pl H 2 0.1l of 
reverse sequencing primer (0.5pmoles) was added to the 
template, which was then sealed in a siliconised glass 
capillary, boiled for 3 minutes, then rapidly cooled 
in dry ice/ethanol. The solution was thawed, mixed with 
lul TM buffer, and incubated at room temperature for 
30 minutes, before being used in sequencing reactions 
as described above. 
2.2.13 P-element Mediated Germ-Line Transformation 
of Drosophila 
P-element transformation was carried out as 
described by Karess (1985). DNA fragments were sub-
cloned into the transformation vector pUChsneo (Steller 
and Pirotta, 1985). This DNA was mixed with helper 
plasmid (p'ir:25.7wc) in the mass ratio 4:1, and ethanol 
precipitated. The pellet was washed once with 70% 
ethanol, 0.2M NaCl, and once with 70% ethanol, then 
dried and resuspended in 5mM KC1, 0.1M sodium phosphate 
pH 6.8, at a concentration of 1mg ml- . Needles were 
pulled from 25p1 Drummond microcapillaries using an 
electric needle-puller. OrR embryos were collected 
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as described above, at 180  C. The embryos were 
manually dechorionated on double-sided adhesive tape 
mounted on a microscope slide,then aligned on a 	- 
narrow strip of adhesive tape mounted on a cover-slip. 
The embryos were desiccated by placing the cover-slip 
in a petri-dish containing silica gel desiccant for 
5-10 minutes. The cover-slip was then mounted on a 
slide, and the embryos covered with Kel-F halocarbon oil. 
The needle was mounted in the micromanipulator, a 
sharp point produced by fracturing the tip against a 
slide, and filled through the point with the DNA 
solution. The embryos were injected by moving the 
microscope stage rather than the micromanipulator. 
Approximately 1-5% of egg volume was injected into the 
posterior pole. Only embryos of stages 1 and 2 
(Bownes, 1975) were used, and any more advanced 
embryos were killed. When all the embryos on a cover 
slip had been injected, the cover-slip was removed, 
and incubated in a humid chamber for 24-48 hours at 
18° C. 
Hatched larvae were placed in vials of larval 
food, and incubated at 25° C, until the adults eclosed. 
These adults were crossed with three OrR individuals, 
in vials containing larval food, supplemented with 
Geneticin G418 at 1mg rni. These vials were heat-
shocked at 37 0  C for 30 minutes every 48 hours. Any 
adults emerging were used to start the transformed 
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lines. The transformed lines were characterised by 
Southern blot analysis, in situ hybridisation to 
salivary gland polytene chromosomes, and by genetic 
analysis. 
2.2.14 In situ Hybridisation to Polytene Chromosomes 
Microscope slides were acid washed, then subbed 
by dipping in a solution of 0.1%(w/v) gelatin, 0.025%(w/v) 
chromic potassium sulphate, and air dried. Cover slips 
were acid washed, and siliconised. 
Salivary glands were dissected from the late third 
instar larvae, placed -in a small drop of 45% acetic 
acid on a cover-slip, and allowed to fix for 2 minutes. 
A subbed slide was lowered onto the coverslip, then 
inverted. The cells were broken by several taps with 
a metal rod, and the chromosomes spread, by placing 
the slide between filter paper circles, and pressing 
firmly. The slide was frozen in. liquid nitrogen, 
the cover-slip removed, and then dehydrated in 95% 
ethanol for 5 minutes, and air dried. 
Before hybridisation, the slides were incubated in 
2 x SSC at 65 ° C for 30 minutes, then dehydrated through 
2 changes of 70% ethanol, 10 minutes each, and 1 change 
of 95% ethanol, 5 minutes, and air dried. 200pl of 
lOOpg ml Boiled RNaseA in 2 x SSC was pipetted onto 
the squashed salivary glands, and incubated for 1 hour 
at 37° C in a humid chamber, then rintwice in 2 x SSC, 
and dehydrated through ethanol as before, The DNA 
was then denatured by soaking the slides in 70mM NaOH 
for 3 minutes, and dehydrating as before. Probe DNA was 
labelled using the random priming method, and was ethanol 
precipitated with lOpg sonicated salmon sperm DNA, and 
resuspended in hybridisation buffer (50% forinamide, 
4 x SSC, 1 x Denhardts). 5 to 10il of probe, approximately 
5 x 10 5 cprn to 10  cpm was pipetted onto each squash, 
and covered with an acid-washed cover-slip. The edges 
of the cover-s1ip were filled with hybridisation buffer, 
and the slides incubated overnight at 37 ° C in a humid 
chamber. After hybridisation, the slides were washed 
twice in 2 x SSC, 50% forinamide for 10 minutes, at 
room temperature, and twice in 2 x SSC for 10 minutes, 
at room temperature, then dehydrated through ethanol, 
as described above. 
The slides were coated with Ilford 1L4 emulsion 
diluted 1:1 with 2% glycerol, and exposed at 4 ° C for 
1-3 weeks. The slides were developed for 3 minutes, 
stopped with 3% acetic acid, and fixed in hypan 
for 1½ minutes, washed in running water for 10 minutes, 
and air dried. Developer was 0.22% P-methylaminophenol 
sulphate, 7.2% NaSO 3 , 0.88% hydroquinone, 4.8% Na 2CO3 , 
0.4% KBr. 
The slides were then Giemsa stained. Tht slides 
were soaked in 10mM Sodium phosphate buffer, pH 7.0, 
for 3 minutes, then transferred to a 3% dilution of 
stock Giemsa stain in 10mM sodium phosphate buffer pH 7.0. 
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Stock Giemsa stain was prepared by mixing 0.5g dry 
Giemsa stain with 33m1 distilled H 2  0 at 65° C for-
2 hours, then adding 32ml methanol. Slides were 
stained for 6 minutes, then rinsed with 10mM Sodium 
phosphate, pH 7.0, and extensively in running water. 
The slides were then air dried and viewed under 
immersion oil at x1250. 
2.2.15 Western Blots 
Protein gels were run as described above (2.2.2.4) , 
and transfer of separated proteins to a nitrocellulose 
membrane was performed electrophoreticá3!lyin a Bio-Rad 
Trans-Blot cell. The nitrocellulose filter was cut 
to the same size of the gel, wetted in transfer buffer 
and laid on top of the gel. The gel and filter were 
placed between blotting paper wetted with transfer 
buffer, and the sandwich placed between a pair of Scotch-
brite pads, and inserted into the cell, such that the 
nitrocellulose filter was between the gel and the 
anode. The proteins were electrophoresed onto the 
nitrocellulose filter at 60V for four hours. After 
transfer, the filter was removed, placed in a solution 
of 0.3% Ponceau S in 3% TCA, then rinsed in distilled 
H2 0, revealing protein bands on the filter. The filter 
was sealed ih a bag with 40ml of OTS, and shaken at 
room temperature for two hours. The filter was then 
rinsed in five changes of TS over 30 minutes, then 
sealed in a bag containing 20m1 OTS, and 50pl of 
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Rabbit ant.t-YP antibodies (Hames and Bownes, 1978) 
and shaken overnight at room temperature. After 
rinsing the filter in TS as before, it was sealed 
in a bag containing 25m1 OTS, to which 50pl of 
goat anti-rabbit antibody conjugated to horse-radish 
peoxidase (Sigma) had been added, and shaken at room 
temperature for two hours. The filter was again 
rinsed in five changes of TS over 30 minutes, then 
developed in 50m1 developing solution. After the 
bands had developed sufficiently, the filter was dried 
and stored in the dark. 
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CHAPTER 3 
MOLECULAR CLONING AND SEQUENCE ANALYSIS 
OF ypi 1163  
3.1 Introduction 
A li-kély cause of the female sterility phenotype 
of fs(1)A1163 is the mutant ypl gene. The secretory 
defect of YP1 1163 is, from genetic and biochemical 
evidence, a cis-acting mutation (Bownes and Hodson, 
1980; Postlethwait and Shirk, 1981), and the most 
probable, explanation is that the mutation responsible 
-. for the YP1 1163  secretion defect lies within the 
coding region of the ypi 1163 gene. Such a lesion 
could be identified by comparison of the mutant and 
wild-type sequences. This chapter describes the 
analysis of this mutant gene by molecular cloning and 
sequencing. 
3.2 construction and Screening of Genomic Libraries 
The cloning vector chosen for construction of 
genomic libraries was the A vector NM1149 (Murray, 
1983). This vector has a maximum insert capacity of 
10-15kb, which was suitably large, and has the 
advantage of a direct selection system for 
recombinant phage. NM1149 can accept insert DNA 
fragments with Hindlil or EcoRI cohesive termini, 
into the single HindlIl and EcoRI sites, which lie 
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within the Cl gene. When plated on an hf 1 strain, 
such as NM514, only those phage that are clTform 
plaques. The presence of insert DNA within the Hindill 
or EcoRI sites disrupts the Cl gene, resulting in cr 
recombinant phage. 
Genomic DNA was extracted from female flies 
homozygous for fs(1)A1163, and from female v 24  /v 24 
flies. The 24 v 	strain was the strain in which the 
fs(1)A1163 mutation was induced (Gans et al.,1975). 
fs(1)A1163 DNA was digested with EcoRI, and V 24 DNA 
with Hindlil. No attempt was made to ensure partial 
digests, as the restriction maps of ypl,2 and 3 are 
known (Barnett et al. 1980). NM1149 DNA was digested 
with the appropriate restriction enzyme, and ligated 
with an equal mass of digested genomic DNA. The 
ligated DNA was packaged in vitro, and the resulting 
phage titre determined, both on the selective host 
strain, NM514, and in a non-selective strain, C600. 
Approximately 50,000 plaques from each library 
were plated and transferred to ittrø iilase filters 
in duplicate. These filters were probed with pYP1 
DNA (Barnett et al.,1980), radio-labelled by nick 
translation to a specific activity of approximately 
10 cpm pg'. Plaques corresponding to positive 
signals were picked, plated, and transferred to 
nitrocellulose to be probed again, as before. 
65 
Seven positive clones were isolated from the 
fs(1)A1163 library, and five from the v 24 Llibrary. 
Ypl and yp2  are sufficiently homologous that cross 	/ 
hybridisation between these sequences can occur. This 
was not a problem in the case of the fs(1)A1163 clones, 
since YP2 lies within one of the three EcoRI fragments 
containing ypi (Barnett et al. 3 1980, see figure 3.2). 
3.3 Restriction Mapping and Southern Blot Analysis 
The identities of the isolated clones were 
confirmed by restriction an alysis, and Southern 
blotting. Figure 3.1 shows representative restriction 
enzyme digests separated on agarose gels, and their 
corresponding Southern blots. The Southern blots were 
probed using radio labelled pYPI and M13HBI, as 
indicated in the figure legend. MI3EBI is the 5' 
Hindlil - BamHI fragment of ypl cloned in M13 mp8 
(Williams, pers. comm.), and has rather less homology 
to yp2 than does pYP1. 
3.4 Sequencing Strategy 
Recombinant phage were grown and their DNA 
extracted as described in Chapter 2. The insert DNA 
was excised using suitable restriction enzymes, 
Hindill and EcoRI in the case of the fs(1)A1163 library 
recombinants, and Hindlil in the case of the v 24 library 
recombinant. The DNA fragments were resolved by agarose 
gel electrophoresis, the relevant band cut out, and 
the DNA extracted by electroelution as described in 
FIGURE 3.1 
Restriction and Southern blot analysis of ypl 1163 
and ypl 
v24  clones, 
EcoRI digests of clones RS1, RS2, RS3, RS4, 
RS5, RS7 and the vector XNM1149, separated 
on a 0.8% agarose gel. The corresponding 
southern blot is to the right. The blot 
is a composite of two exposures. 
Restriction analysis of RS6. H3 = Hindill, 
RI = EcoRI. 
HindIll digest of RS10. 
Marker tracks in all gels were Xc1 857 digested 
with Hindill. The probe used in all blots 

































































































































A map of Hindill and EcoRi restriction sites 
in clones XR4-7, XRS10. 	XR$4-7 contain 
1163 	 v24 fragments of ypl 	, XR$10 contains ypi 
The map at the top shows the arrangement of 
sites in the genomic sequence. pYP1 and pYP2 
indicate the Hindlil fragments cloned in pYP1 
and pYP2. Boxes represent genomic restriction 
fragments containing ypl. Bold lines indicate 
vector sequences, and thin lines indicate 
Drosophila genomic fragments not containing 
ypl. 
Abbreviations: 	H : Hindlil 
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The sequencing method used was the dideoxynucleo-
tide chain termination method (Sanger et al., 1977), 
using 35SdATP as the radio label. Templates were made 
by sub-cloning insert DNA into M13 mpl8 and mpl9. The 
lllbp fragment of XRS7 was sub-cloned directly into 
M13 mpW.9. The 5' and 3' fragments of ypl u63 , from 
clones XRS5 and XRS6, were further digested with 
combinations of BglII, PstI,Sau3A, and TaqI, and 
sub-cloned in M13 mp18 and mpl9. Clones constructed 
in this way are indicated in figure 3.3. Figure 3.3 
shows the orientation of each template sequenced. 
In all cases except two, the universal sequencing 
primer was used to prime the sequencing reactions. 
In one case, a specifically synthesized primer was 
used to prime from within a large BglII - PstI clone. 
In the other exception, reverse sequencing was used 
to sequence the opposite orientation of the lllbp 
EcoRI insert from XRS7, which reimeatedlyfa±led to 
clone in one orientation. It should be noted that 
many of the templates shown in figure 3.3 were 
actually independently cloned and sequenced many 
times. 
• The entire Hindlil fragment containing ypl '24 
was purified from XRS10 digested with Sau3A, and the 
resulting fragments sub-cloned in the BamHl site of 
M13 rnp19. 21v24  was not extensively sequenced: 
templates were made and screened by single-nucleotide 
FIGURE 3,3 
Strategy for Sequencing ypi 1163 
The yp11163 exons are represented by the two 
boxes. Transcription is from left to right. 
Arrows indicate fragments subcloned in 
M13mp18 and mpl9. 
Abbreviations: B : BglII 
H : Hindlil 
P : PstI 
R : EcoRI 
S : Sau3A 
T : TaqI 
0 : Location of specific primer 
0 : indicates reverse sequencing 
• 	 _______ 
0- 
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sequencing reactions. Only templates corresponding 
to previously identified sequence variations in 
yp1 1163 were completely sequenced. 
Sequence data were compiled on a VAX mainframe 
computer, using the programs of Staden (1982), and 
analysed using the progams of the University of 
Wisconsin Genetics Computer Group. 
3.5 The Sequence of #pi 1163 
The sequence of yp1 1163 is presented in appendix 1, 
and includes the whole of yp1 1163 , and a portion of 
the non-transcribed flanking regions. A number of 
variations from the published sequence of the ypl from 
Canton S (Hovemann et al., 1981; Hung and Wensink, 
1981) were discovered, and these nucleotide variations 
are shown in table 3.1. There are two base charges in 
the second exon and one site of variation within the 
intron. The intron nucleotide variation is at the site 
of previously identified variability, at the 3' end 
of a stretch of A residues. The ypl CanS  sequence 
determined by Hovemann et al., (1981) has, in the intron, 
16 A residues, followed by CCT, whereas the sequence 
determined by Hung and Wensink (1981) has 17 A residues, 
followed by CAT. 1p1 1163 has 18 As, followed by CAT. 
The sequence at this point in ypi v24 is the same as 
that in the Hung and Wensink YP1CanS  sequence. it 
should be noted that the two groups who sequenced 
isolated their genornic clones from the same 
FIGURE •3, 4. 
Regions from Sequencing Gels showing mutations 
inypl 1163 
The variation within the intron in ypl 1163  
The sequence in ypl 24  corresponding to 
panel a. 
The sequence around codon 92, showing Asn 92 . 
The sequence in y.pi v24  corresponding to 
panel c, showing 1le 92 . Note that the 
template in c is in the opposite orientation 
to this one. 
The silent mutation in codon 341. 
In all cases the sequence read from the gel is 
next to each panel, with translations where 
relevant. 
yp1 1163 	 yp1v24 
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Ala Ser Asn Val Val 
ypi (1, 
GCC AGC AAC GTG GTG 
Ala Ser Asn Val Val 
1163 
yp 1 
GCC AGC AAT GTG GTG 
C) 92 
Ser Giy lie Gin Val 
CanS ypi 24 (1,2), 	ypi 
AGC GGC ATC CAG GTC 
Ser Gly Asn Gin Val 
1163 
ypi 
AGC GGC AAC CAG GTC 
Sequence differences identified in YP1 1163  compared 
with other published YP1 sequences. 
variation within the intron 
nucleotide variation at amino acid residue 341, 
causing no amino acid change. 
nucleotide change at amino acid residue 92, causing 
92 	92 Ile to Asn 
Notes: (1) sequence of Hovemann et a l. 1981) 
(2) sequence of Hung and Wensink (1981) 
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genomic library (Maniatis, 1978). It is impossible to say 
whether this high level of variability at this point 
/ 
reflects instability and consequent variability in the 
population, or replication errors during cloning. 
A mutation within codon 341 was identified, AAC to 
AAT, but this alteration causes no change in the encoded 
amino acid, which is asparagine. 
Codon 92, however, is mutated such that its encodd 
amino acid is changed from isoleucine to asparagine. The 
sequence change is ATC to AAC. This represents the only 
change to the predicted protein sequence. The sequence 
v24 	. 	 CanS 
of ypi 	is identical to ypi 	at this point. 
It was important that the leader peptide of YP1 1163 be 
checked for sequence variation, as this would be one way 
in which secretion of YP1 1163 could be affected. The 
sequence of the putative leader sequence of YP1 63 is 
identical to that of YP1'. 
3.6 Analysis of Sequence Data 
The mutation at codon 92 does not create or 
eliminate any known consensus sequences for post-
translational modification (Wold, 1981). In order to 
identify possible structural changes caused by this 
mutation, the predicted amino acid sequences of yp1 1163 
and YP1CanS  were analysed using the computer program 
PEPPLOT (Gribskov et al., 1986). PEPPLOT produces 
graphic output showing several parameters used in the 
prediction of protein secondary structure. In addition 
the program will calculate predicted secondary 
structure according to the method of Gamier et al., 
(1978) 
The PEPPLOT graphic output for residues 81-100 
CanS 	1163 of YP1 	and YP1 	is shown in figure 3.5. The 
top panel shows the chemical properties of each amino 
acid. Basic and acidic residues are represented by 
dashed lines up and down respectively. Hydrophobic 
and hydrophilic residues are represented by solid and 
dotted lines respectively. Proline residues are 
indicated by short, solid, bars. Below this 
representation is the amino acid sequence. 
The panel below this shows the graphs of Chou 
and Fasman (1978a, b) alpha helix and beta sheet 
propensities (broken and solid lines respectively). In 
addition each residue is classed as a forming, 
intermediate, or breaking residue for beta sheet (top) 
and alpha helix (bottom). 
Beneath this panel are graphs showing curves 
representative of the probability that a given residue 
lies at the amino (panel 3) or carboxyl (panel 4) end 
of a stretch of given structure. Again, beta sheet is 
represented with solid, and alpha helix by broken lines. 
The trnprobability is indicated in panel 5. The 
bottom panel indicates the hydropathy profile of the 
protein sequence (Kyte and Doolittle, 1982). The two 
plots above this display the hydrophobic moment, calculated 
FIGURE 3,5 
PEPPLOT Graphic Output, for residues 81 - 100. 
The PEPPLOT Graphic Output is fully described 
in Chapter three. The panels, from top to 
bottom are: 
The chemical nature of the residues. Basic 
and acidic residues are indicated by dashed 
lines up and down, and hydrophobic and 
hydrophilic residues by solid and dotted 
lines. Proline residues are represented 
by short, solid lines. 
The Chou and Fasman propensity curves. Beta 
and alpha curves are represented by solid 
and broken lines. 
The probability that a residue lies at the 
& N terminal end or C-terminal end of a Beta 
or Alpha structure 
The term probability curve. 
The hydrophobic moment curves. 
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The hydropathy profile. 
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assuming bend angles for Beta sheet, or alpha helix, 
as indicated by the plot. 
The rules for interpretation of the graphic 
representation of the Chou and Fasman statistics are 
given in Chou and Fasman (1978a,b), and are 
summarised in the documentation accompanying PEPPLOT 
in the UWGCG package. Briefly, when the Chou and 
Fasman parameter curve rises above the threshold line, 
one requirement for the prediction of that structure 
is filled. In addition, it is required that at least 
three residues out of a window of five be beta sheet 
formers, and no more than one be a beta breaker for 
beta sheet to nucleate. For alpha nucleation, at 
least four residues in a window of six must be alpha 
formers, with no more than one breaking residue. 
Within the region shown in ficrure 3.5, there is one 
beta nucleation in each niot covering residues 91 to 
95 inclusive. This coincides with the presence of a 
peak in the beta propensity curve. In addition 
residues 92 and 93 in YP1 1163 , and 91 and 92 in ypl CanS  
are identified as lying at the amino end of beta 
structures, in panel 3. Panel 4 suggests that residue 
96 in both protein lies at the carboxyl end of a region 
of beta conformation. Asparagine is rated by Chou 
and Fasman (1978a,b) to be a weak alpha breaker, and 
a weak beta breaker, whereas isoleucine is rated as 
a weak alpha former, and a strong beta former. 
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In the simplified output of PEPPLOT, where any 
given residue is rated as being either a former, 
or indifferent, or breaker, asparagine is classed as 
indifferent regarding alpha structure, and as a beta 
breaker. 	Isoleucine is classed as an alpha former 
and as a beta former. Despite these differences, 
PEPPLOT suggests that Ile 92  to Asn 92 would make little 
difference to the secondary structure of the protein, 
and that residue 92 lies within a short stretch of 
beta conformation. 	This is in agreement with the 
structure predicted by Hung and Wensink (1983). The 
validity of this prediction will be discussed later. 
The major change caused by the 11e 92 to Asn92 change 
is seen in panels 6, 7, and 8. When the hydropathy 
profile (Kyte and Doolittle, 1982) is examined, a peak 
of hydrophobicity around residue 92 in YPl 	is 
1163 lost in YP1 	. Consequently, the calculated values 
of hydrophobic moment (Eisenberg et al..,1984) are 
different. 	The hydrophobic moment is intended to 
detect periodicity in the hydropathy assuming bond 
angles corresponding to either beta sheet or alpha 
helix. 	The relevance of this statistic to the 
prediction of secondary structure is unclear. 
Secondary structure predictions according to the 
method of Gamier et al.,(1978) are presented in 
tabular form by the PEPPLOT program (table 3.2). 
TABLE 3.2 
Gamier Secondary Structure Predictions for 
residues 75 to 105 of YP1CanS  and YP1 1163 
The prediction columns for no decision constant 
and for the 20 - 50% alpha, 20 - 50% beta 
decision constants are shown. 
1CanS 
YP11163 
%Alpha No DC 	20-50 No DC 	20-50 
% Beta No DC 	20-50 No DC 20-50 
Pos-------------------------------- 
75 B 	B B 	B 
76 T B T B 
77 T 	B T 	B 
78 A A A A 
79 A 	A A 	A 
80 A A A A 
81 A 	A A 	A 
82 A A A A 
83 A 	A A 	A 
84 T B T B 
85 C 	C C 	B 
86 C C C B 
87 C 	C C 	B 
88 C C C C 
89 C 	C C 	C 
90 C B C C 
91 B 	B T 	T 
92 B B T B 
93 B 	B B 	B 
94 B B B B 
95 B 	B B 	B 
96 B B B B 
97 B 	B B 	B 
98 C C C B 
99 C 	C C 	C 
100 C C C C 
101 T 	T T 	T 
102 T T T T 
103 T 	B T 	B 
104 B B B B 




Several columns of secondary structure predictions 
are produced by the Gamier method, each corresponding 
to different Decision Constants, which are the 
proportion of alpha helix and beta sheet known by 
experimentation to be present in the protein under 
investigation. In the absence of such experimental 
data, Gamier et al. suggest that the helical and sheet 
content as calculated with no decision constant be 
used to select the precise prediction column. In 
the case of 	 the Gamier method predicts 32.6 % 
alpha, 22.8 % beta. Table 3.2 shows the columns 
relevant to these decision constants, and the columns 
of prediction assuming no decision constants. 
Prediction by the Gamier et al. method suggests 
that the lie 92  to Asn 92 alteration shortens a stretch 
of s-sheet, and introthices one or two residues assessed 
to be in the turn conformation. This method predicts 
the preferred state of each residue, and several 
consecutive residues need to be predicted to be in 
the turn conformation before a full reverse turn is 
predicted. This predictive method, therefore gives 
a similar result to that deduced from the PEPPLOT 
graphic output. 
3.7 Discussion 
The question arises of whether the sequence 
variations identified within yp11163 in this work 
represent real variation within and between populations 
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of Drosophila melanogaster,or if they represent 
cloning artefacts. Clearly there is no precise way 
that this question can be answered. Both clones of 
CanS ypl 	used in published sequence studies (Hovemann 
et al.,1981; Hung and Wensink, 1981) were isolated 
from the same Drosophila genomic library, and between 
these two sequences three differences were noticed. 
One of these lies outwith the coding region, at 
position +1634, relative to the transcription start 
site, on the Hung and Wensink sequence, where Hovemann 
et al., find C, and Hung and Wensink find T. In the 
sequence of ypl 1163,  this residue is T. The 
corresponding bases in the Hovemann et al. and 
yp1 1163 sequences are +1633, and +1635 respectively, 
due to the intron variation mentioned earlier. The 
sequence variations in the intron are shown in table 
3.1. There is variation both in the length of the 
polyA tract, and in the identity of the second residue 
following. In the four ypi genes for which sequence 
data at this site are available, three different 
sequences are seen at this position. No variation is 
reported within the exons of the two published ypl CanS 
sequences. 
Since the genetic and biochemical data point to 
a mutation within ypl hi.63  as causing the secretion 
defect, and there is only one mutation that affects 
the primary sequence of YP1 1163 , it can be deduced 
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that this mutation is the cause of the secretion 
defect. 
When attempting to predict the possible effect 
on the secondary structure of YP1 of the mutation 
identified in yp1 1163 , it is important to bear in mind 
the limitations of current methods for secondary 
structure prediction. At best, these methods are 
60-70 % accurate in their assignation of residues 
to particular conformational states (see, for example, 
Chou and Fasman, 1978a,b; Gamier et al.,1978) . Of 
course, this value will be higher than for many 
predictions since it represents a prediction of the 
structures of proteins whose structures are known 
from experimental evidence, and which are the proteins 
used as the statistical source for the predictive 
methods. Predictive methods are known to work best 
for simple globular proteins. The YPs are known to 
associate as o1igornesin the haemolymph (Isaac, 1982), 
and to assume complex structures in the yolk granules 
in the oocyte. 
Both the Chou and Fasman and Gamier methods 
predict minor changes to the secondary structure due 
to the lie 92  to Asn 92 change. Perhaps the most 
significant feature of the .analyses is the change 
in the hydropathy profile around residue 92. It is 
possible that this loss of hydrophobicity in the 
mutant YP1 sufficiently alters the tertiary structure 
75 
of the protein that its subsequent modification and 
secretion are affected. 
It is difficult to suggest how the identified 
mutation could be responsible for the secretion defect 
of YP1 1163 . Much work has been done on the roles 
of signals for protein targeting, and the modifying 
and sorting functions of the golgi apparatus. Clearly, 
the nascent YP1 1163 polypeptide is capable of entering 
the endoplasmic reticulum (Minoo, 1982; Minoo and 
Postlethwait, 1985a), a fact supported by the evidence 
described above that the sequence of the leader 
peptide of YP1 1163 is identical to that of YP1CanS 
Recent discoveries have revealed the golgi apparatus 
to be highly organised, with distinct cisternae each 
with their own repertoire of synthetic activities 
(review, Dunphy and Rothman, 1985). One of the 
activities of the golgi body is glycosylation of 
proteins... Glycosylation of proteins has been implicated 
as a means by which the ultimate destination of proteins 
can be specified (Guan et al.., 1985). The mutation 
of the Ile 92  to Asn92 in YP1 	 does not affect any 
known consensus sequences for glycosylation. Indeed, 
there are no consensus sequences for N-linked 
glycosylation (Asn-X-Ser/Thr) within YPl CanS  or YP1 1163 . 
Presumably the glycosylation detected by Minoo and 
Postlethwait (1985a,b) must occur via other linkages. 
It is worth noting that Mintzas and Kambysellis (1982) 
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detected no carbohydrate in YP1, by chemical means. 
Minoo and Postlethwait (1985b) detect no difference 
between YP1 OrR  and YP1 1163  in terms of electrophoretic 
mobility of the processed proteins, but detect a 
build up of processing intermediates of YP1 1163 in 
fs(l)A1163 homozygotes. Both 	 OrR  and YP11163 
are glycosylated and phosphorylated, though it is 
not clear if there are any differences in the precise 
pattern of glycosylation (Minoo, 1982; Minoo and 
Postlethwait, 1985b). It is perhaps significant 
that Ile 92  is a residue seen to be conserved in 
comparisons between the sequences of YP1 CanS  and 
2CanS (Hung and Wensink, 1983), and that it lies 
within a region judged by Hung and Wensink to share 
45 % homology between YP1CanS  and YP2CanS , with 
predicted secondary structures that are nearly 
identical. In YP1 CanS  and YP3 CanS sequence comparisons, 
Ile 92  of YP1 is not conserved, although the two proteins 
do show a great deal of homology in their primary 
structure. 
CHAPTER 4 
Analysis of fs(1)A1163 by P-element 
Mediated Germ-line Transformation 
4.1 Introduction 
It is clear that fs(1)A1163 flies synthesize a 
defective YP1, that is not secreted. However, the 
precise relationship between the mutant YP1 gene and 
the female-sterile phenotype was uncertain. Chapter 
three has described the identification of a mutation 
within ypl 1163,  which causes an amino acid substitution. 
The experiment described in this chapter was intended 
to determine whether or not the cause of sterility in 
fs(1)A1163 was the lack of YP1 in the oocyte. 
The rationale of the experiment was to introduce 
a functional copy of a wild-type ypi cene into the 
Drosophila genome, by P-element mediated germ-line 
transformation, and attempt to rescue the female sterility 
of fs(1)A1163 flies. It was possible that the cause of 
sterility might be different for fs(1)A1163/FM3 flies 
than for fs(1)A1163/fs(1)A1163 flies; in the latter, 
the reduction of YP1 in the oocytes is much more 
pronounced, and this might be only one of two or more 
reasons for sterility. In addition a copy of ypi 1163  




was indeed caused by the mutation with ypi 
4.2 Transformation 
The transformation vector chosen for this 
experiment was pUChsneo (Steller and Pirrotta, 1985), 
and it is shown in figure 4.1, with other relevant 
plasmids. Chapter one has described the localisation 
of regulatory regions upstream from ypi that drive 
tissue-specific and sex-specific expression of both 
ypi and yp2. A fat body specific transcription 
enhancer is known to lie upstream of ypi,  between 
nucleotides - 196 and - 321 relative to the start of 
transcription. This enhancer lies within the Hindill 
fragment containing ypl.  It was necessary to isolate 
a clone of a Hindill fragment containing ypi 1163 
from a new library of Hindill restriction fragments 
of fs(i)A1163 DNA (constructed as described in 
Chapters two and three), since the initial isolate of 
1163 ypi 	(Chapter three) was of three EcoRI fragments. 
The source of the wild-type ypi was the yp1l24  Hindlil 
clone XRS10 as described in Chapter three. 
Since the Hindill site in the polylinker of 
pUChsheo is not unique, the ypi-bearing fragments used 
were BglII fragments. BglII cuts at -346 relative to 
the ypl transcription start (figure 1.6), and again 
in the downstream non-transcribed region, and 





The plasmid pUChsneo is drawn as it would 
appear following integration. 	The indicated 
BglII fragment is cloned in the BamHI site 
of the polylinker. Restriction sites in the 
polylinker which are bracketed are not unique. 
Abbreviations: B : BamHI 
Bg : BglII 
H : Hindlil 
H2 : Hincil 
P : 	PstI 
R : EcoRI 
S 	: Sail 








entirety. This BglII fragment was inserted in the 
BamHI site of the PuChsneo polylinker. 
No attempt was made to tag the introduced ypi 
genes such that their transcripts could be identified, 
since the experiment was concerned with the expression 
of the proteins, and it was thought that any alterations 
in the potential mRNA might affect its stability or 
translation efficiency. It was hoped that the use of 
a strain carrying a fast electrophoretic variant of 
YP1 (YP1 o9v, see table 2.1) would permit the 
distinction between synthesis from the introduced 
ypi and the endogenous ypi. 
The major advantage of the pUChsneo vector is 
that it contains a neomycin resistance gene fused 
with the hsp70 heat shock promoter. Flies transformed 
with pUChsneo are resistant to the neomycin analogue 
Geneticin G418. The flies are heat shocked every 
other day, at 37 °C for 30 minutes, to increase 
transcription from the hsp/neo gene, although the 
transformants used all proved to be G418 resistant 
without heat shock. This is attributed by Steller and 
Pirrotta (1985) to constitutive low level expression 
of the. neo gene. 	 - 
The puChsneo vector contains incomplete 
P-element open reading frames, and transformation 
with this plasmid requires a helper element to 
M. 
provide the necessary P-element encoded functions. 
The helper element used here was p7r25.7wc 	 / 
(Karess and Rubin, 1984), which supplies the necessary 
transposase activity, but has only one intact P-
element terminal repeat, and therefore cannot itself 
integrate. 
All Drosophila stocks used in the experiment 
were tested for the presence of P-elements, by 
southern blotting of genomic DNA. The probe used 
was the internal Hindlil - SalI fragment from prr25.7wc. 
As a positive control, DNA extracted from the Luminy 
strain was used. Luminy is a Q strain, containing 
apparently complete P-elements, but with a weak P 
cytotype (Bregliano and Kidwell, 1983). Of the 
strains used, only yp1Lc09 v contained DNA complementary 
to the probe (figure 4.3). The strain chosen for the 
initial embryo injections was OrR, known to be an M 
strain. 
Embryo injections were performed as described 
(2.2.13) . In total, 381 embryos were injected with 
pRSI_P[neo.,.yp11J24 ] and 636 with pRS2-P[neo;yp1 63 ]. 
Table 4.1 lists the results, and gives the percentage 
survival at each stage. Ten transformed lines were 
started, two from the pRS1-P[neo;ypl v24] construct, 
and eight from the pRS2-P[neo;ypl 	1 construct. 
TABLE 4.1 	Statistics of embryo injections and 
survival. In each case, the percentage is a fraction 
of the initial number of embryos injected surviving 









Clone 	 pRS1-PneO;yp1 v24 
Embryos 
injected 	 381 
Number 
hatched 	 108 (28%) 
Number 
eclosed 	 58 (15%) 
Number of 




transformed 	 2 
lines obtained 
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4.3 Analysis Of the Transformed Lines 
Each transformed line was subjected to three 
methods of analysis. The chromosome on which the 
integration was located was determined by genetic 
analysis, and its precise location by in situ 
hybridisation to polytene chromosomes. The number of 
insertions was also examined by Southern blotting 
of single fly genomic DNA preparations. The data 
from these analyses are presented in table 4.2 
The first of these analyses to be completed 
was the Southern blotting of single fly genomic DNA. 
Genomic DNA was extracted by the small scale method 
(see 2.2.7), digested with Sail, and separated by 
electrophoresis on a 0.6% agarose gel. The blot 
was probed with the insert fromtpYP1. Sail releases 
the endogenous yp.1 and yp2  genes on a single fragment 
of approximately 18.4kb (figure 4.3, and Barnett 
et al., 1980) . The :ptJChsneo vector is cut once 
by Sail, in the polylinker, and insertions will be 
seen as fragments of greater than 7.5kb, which is 
the distance from the Sail site to the end of the P-
element repeat of pUChsneo, plus the ypi insert. 
The blot is shown in figure 4.3 It can be seen 
that each of the transformant lines has a different 
insertion pattern. Lines C, D, E, I, L, and M appear 
to contain single i nserts, while lines G and 3 
have two insert bands. Line 0 contains more than one 
M. 
insertion, although the complexity of the pattern 
is probably due to partial digestion. 
When interpreting these data, it should be 
remembered that the DNA samples are extracted from 
single individuals, and that a fly from a line with 
two unlinked insertions may contain one or both 
insertions. Line B was not analysed by southern 
blotting, because difficulty was experienced in 
maintaining this line. The reasons for the difficulty 
in maintaining line .B are uncertain. The stock was 
maintained as flies heterozygous for the insertion, 
so the problem was unlikely to have been a result 
of a mutation caused by the insertion. It is 
probable that the clone inserted in a location 
unsuitable for expression of the hsp70/neo fusion. 
Genetic analysis was carried out as shown in 
figure 4.2, except that the crosses involving 
pRSI-P[neo;ypl'24] transforinants were repaated with 
fs(1)A1163/FM3 stocks with CyO or TM3 balancers. 
Care was taken to avoid crosses that were potentially 
dysgenic, as such crosses could destabilise the 
insertions. For that reason, male YP1 
LC09v  flies 
were never crossed with female OrR flies, or with 
OrR flies bearing P-element insertions. All crosses 
in figure 4.2 were made using food containing G418. 
The generation of individuals injected as embryos is 
called G0 , with their progeny termed G 1 , and so on. 
Where crosses involved flies of fs(1)A1163 genotypes, 
FIGURE 4,2 
Crossing scheme for analysis of transformant 
lines. 
All stocks are detailed in Table 2.1. 
All crosses are made on G418 selective. 
medium. In the case of pRS1-P1neo;yp1 ' 24 
transformants, this scheme was repeated, 
with fs(1)A1163/FM3;+lCyO and fs(1)A1163/FM3; 
+/TM3 flies, when the crosses were set up 
at 18 °C. 
G x 3 OrR o 
G1 x 3 OrR 
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Genomic Southern Blot analysis of Drosophila 
stocks used in the transformation experiment. 
DNA was extracted, digested with Hindlil and 
Sail and separated on an 0.8% Agarose gel. 
Markers are Xci 857  digested with Hindlil. 
The blot was probed with an internal Hindili-
SalI fragment from the p725.7wc P-element, 
radiolabelled by the random primer method. 
yp1 09 : yp1LC09; fs(l)A1163 	fs(1)A1163 
homozygotes. TM3, FM7 and CyO represent 
DNA extracted from flies of the stocks from 
which these balancers were:- taken. 
Single Fly Genomic Southern Blot of 
Transformed Lines. 
0.8% agarose gel. separation of single fly 
DNA preparations diegested with Sail. 
yp1LCO9. yp1LC09v; c - 0: transformed flies. 
Markers are XcI 857 digested with EcoRI and 
Hindill. 
The blot was probed with pYP1 insert radio-
labelled by the random priming method. 
they were initiated at 18 0  C, then moved to 25 0C 
after the parental flies had been removed. Linkage 
was determined by the segregation pattern from the 
balancer chromosomes in the G4 generation. Sex 
linkage was detected in this crossing scheme as 
an all female generation. 
Line C flies, transformed with pRS2-P[neo;ypl 1163 
appeared to have one insertion, by Southern làt 
analysis. The genetic data showed that the insertion 
segregated away from the TM3 balancer, indicating 
that the insertion lay on chromosome 3. In situ 
hybridisation to salivary gland polytene chromosomes 
localised this site to 72E on the left arm of 
chromosome 3 (figure 4.4a) 
The insertion in line D lies in the X-chromosome. 
In the first cross from a male, all the progeny were 
female. There is only one insertion seen in the 
genomic Southern, and the in situ hybridisation data 
revealed the site of hybridisation to be 11B-C, 
in the X-chromosome. However, another site is 
revealed in the in situ hybridisation, at 92A-C, 
on chromosome 3.. 	(figure 4.4.b). Because of the 
difficulty of introducing an X-chromosomal insertion 
located between ypl/yp2 and yp3 into the YP1
LC09 
strain, this line was not analysed further. Indeed, 
since the line D was continued using the progeny of 
the linkage cross, the autosomal insertion was lost. 
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FIGURE 4,4 
In situ hybridisation to polytene chromosomes. 
line C 
line D 
The sites of hybridisation are arrowed. 
The probe was the pYP1 insert radiolabelled 
by the random priming method. 
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Line E appeared to have a single insertion, by 
Southern blot analysis, which by its segregation 
pattern was assigned to chromosome 3. The location 
of this insertion is 95A-B, and is shown in figure 
4.5a. 
The only pRS1 -P[neo;ypl 
v24
]line to be analysed 
in detail was line G. The Southern blot revealed two 
inserts in line G. Genetic analysis showed both a 
sex-linked insertion, and an insertion segregating 
away from the CyO blancer. In situ hybridisation 
localises the second chromosomal insertion to 25A, - 
on the left arm (figure 4.5b) . The second chromosome 
bearing the insert was introduced into a stock of 
fs(1)A2263/FM3, with a CyO balancer, for subsequent 
characterisation. The X-chromosomal insertion was 
not located by in situ 1.hzbridisation since it was not 
to be used for further experimental analysis. 
Line I, by the Southern blot evidence, carried 
a single insertion. This line was transformed with 
pRS2-P[neo;yp1 1163 1. The insert repeatedly segregated 
away from TM3, indicating a third chromosomal insertion. 
No in situ data were obtained, since the line was not 
used for further analysis. 
Line J, which was also a pRS2-P{neo;ypl 1163 
transformant line, carried two insertions, as indicated 
by Southernblot analysis. No evidence for sex linkage 
was obtained, and so linkage data, or in situ locations, 
because this line was not selected for further 
examination. 
FIGURE 4.5 
In situ hybridisation to polytene chromosomes 
line E 
line G 
The sites of hybridisation are arrowed. 
The probe was the pYP1 insert radiolabelled 
by the random priming method. 
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In the case of line L, the Southern blot analysis 
showed a single Sail fragment size complementary to 
the pYP1 probe. Since the flies showed an heritable 
resistance to G418, the band corresponding to the 
pRS2-P[neo;ypl 1163] insertion must be comigrating 
with the Sail fragment containing the endogenous ypl. 
Genetic analysis located the insertion to the third 
chromosome. 
Line M, another pRS2-P[neo;ypl 1163] transformant 
line, also had a single insertion as revealed by 
Southern blotting. Again, this was found, by 
segregation experiments, to lie on chromosome 3. 
In;-it.0 hybridisation experiments located this 
insertion at approximately 95C. 
The final transformant line, line 0, was a 
pRS2-P[neo;ypl 1163] transformant. The line 0 
individual used for the Southern blot analysis 
appeared to have three or four insertions. However, 
this result may be artef actual, possibly due to 
partial digestion. Because of the apparent complexity 
of this line, it was not analysed further. 
It is interesting to note that high frequency 
of insertions into chromosome 3. 	Of the 
insertions whose chromosomal location was identified, 
six were on the third chromosome, two on the 
X-chromosome, and one on the second chromosome. 
FIGURE 4.6 
In situ hybridisation to polytene chromosomes. 
Line M. The probe was the pYP1 insert, radio-
labelled by the random priming method. Hybridisation 
is indicated by arrows. 
I 








£ 	 qv 
' 










Line Transformed Number of Insert Location 
with inserts in 
Southern by by 
linkage in situ 
B pRS1_p(fleoflplt24 ND ND ND 
C pRS2-P[neo . yp1 1163 ] 1 3 RC-E 
D i f 1 1 11B-C;92A-C 
E it 1 3 95A1B 
G pRS1_P[neo;yplt24] 2 1;2 ND;25A 
I pRS2-P[neo;yp1 1163 ] 1 3 ND 
j if  2 ND ND 
L is 1 3 ND 
M it 1 3 95C 
0 if 3or4 ND ND 
Table 4.2 	Transformed Drosophila lines; the 
number of insertions, and their chromosomal sites. 
ND = not done. 
There are six to eight other insertions (lines B, 
J and 0) which were not assigned to chromosomes. 
Each pRS2-P{neo;ypl 1163  transformant line 
analysed was crossed with a YP1 LC09 background. 
This stock contains a ypi gene encoding an 
electrophoretic variant of YP1, which runs a little 
faster on SDS-PAGE than does YP1 of normal mobility. 
Chromosomes bearing pRS1-P[neo;ypl' 24 ]were introduced 
into a background of fs(1)A1163/FM3. 
4.4 Analysis of transformant lines by SDS-PAGE 
Three transformed lines were selected for further 
analysis: lines G, C, and M. Each line contains a 
single autosomal insertions, of 	 in 
the case of line G, and of pRS2-P[neo;ypl 1163] in 
the case of lines C and M. 
For this analysis, flies were placed at 29 
for seven days prior to sampling haemolymph, fat 
body, and ovary proteins. At this temperature, the 
secretion defect of YP1 1163 is most pronounced (Bownes 
and Hodson, 1980). 
Figure 4.7 shows an SDS-PAGE separation of 
haemolymph, fat body, and ovary proteins from flies 
of several genotypes. It can be seen that the three 
YP5 are present in roughly equal amounts in OrR 
haemolymph, and ovaries. No YP5 are detectable in 
the fat bodies of wild type flies due to the rapid 
FIGURE 4,7 
SDS-PAGE separation of haemolymph, fat body, 
and ovary proteins. 
The gel was a 7% to 20% gradient gel. 	The 
genotypes of the individuals sampled are given 
at the top of the gel (G/+ denotes heterozygosity 
for the line G insert). The positions of the 
YPs are indicated. Each haemolymph and fat body 
lane is sampled from two flies, each ovary lane 
represents one ovary. 
Abbreviations: hm : haemolymph 
fb fat body 
ov : ovary 
'lt,, Ilb3 	 1631f - 3 
OrR 	 il63/1163 	 11631FM3 	31+ 31+ 








secretion of YPs from this tissue. There is a band 
that comigrates with YP3 in the fat body. 
Flies homozygous for fs(1)A1163 display a marked 
reduction in the YP1 content of the haemolymph, along 
with an apparent increase in the amount of Yp2 as 
noted by Bownes and Hodson (1980). The gel in 
figure 4.7, however, shows no visible accumulation 
of YP1 in the fat body of fs(1)A1163 flies. This is 
attributable to degradation of the proteins in these 
samples. The fat body tracks in particular are 
susceptible to degradation. 
Haemolymph from flies homozygous for fs(1)A1163, 
but with a single copy of an insertion of 
pRSI -P[neo;ypl '24  ]has apparently normal amounts of 
each of the YPs (figure 4.7, lane 10). Again no 
fat body accumulation of YP1 is seen (lane 11), 
although this sample is heavily degraded. The ovary 
sample reveals a YP pattern close to wild-type, although 
the relative amounts of the YPs are abnormal: there 
appears to be an excess of YP2 relative to YP1 and YP3. 
However, the pattern of YPs in the ovary is closer 
to the wild-type ovary than is that from the 
fs(1)A1163 heterozygous fly. It would seem that the 
introduced ypl' 24 gene is as active as the endogenous 
ypl genes. 
Figure 4.8 shows an SDS-PAGE separation o'f 
haemolymph, fat body and ovary proteins -from OrR, -
flies heterozygous for the line C insertion, line C 
LCO9 homozygotes, line M leterozygotes, and YP1 	V. It 
was inLencied that the YP1 synthesized from introduced 
ypl genes was to be distinguished from endogenous 
YP1 by crossing the insert-bearing chromosomes into 
the yp1LC09  stock. In practice, however, it proved 
impossible to resolve the two electrophoretic variants 
of YP1 satisfactorily. Lanes 1 to 3 of figure 4.8 
are OrR samples, and lanes 13 to 15 are YP1 LC 09 V 
samples. YP1 and YP2 in the OrR sample have not 
resolved completely in this gel, and, while the 
1LC99 can be seen to be running closer to YP2, 
clearly yp1LC09  and YP10' could not be separated 
from each other by the SDS-PAGE conditions used. 
The transformant lines examined in figure 4.8 are in 
a background of YP1LC09 	The introduced ypl  in these 
lines is ypl 63 , and the flies were examined in 
order to see if an accumulation of YP1 in the fat 
body was occurring. 
YP1 appears to be accumulating in the fat body 
track of flies heterozygous for the line C pRS2-P[neo;yp1163] 
insert. YP2 also appears to be accumulated, which is 
also seen in fs(1)A1163 flies. However, in the fat 
body lanes of line C homozygotes, and line M heterozygotes, 
no significant level of YP1 can be seen. As in the 
FIGURE 4,8 
SDS-PAGE Separation of Haemolymph, Fat Body, and 
Ovary Proteins. 
The gel was a 7% to 20% gradient gel. The 
genotypes of the individuals sampled are given 
at the top of the gel. (C/+ and M/+ denote 
heterozygosity and C/C denotes homozygosity 
for the insertions in lines C and M). The 
positions of the YPs are indicated. Each 
haemolymph and fat body lane is sampled 
fromtwo flies, and each ovary lane represents 
one ovary. 
Abbreviations: bm : haemolymph 
fb : fat body 
OV : ovary 
OrR 
hm f 	ov 
	
yp 1 LC09 	 1 LCO9 
c/i: 
hm fb ov 	hm fb ov 
1 LCO9 
M/+ 	 yp1LC09 







case of the fs(1)A1163 samples in figure 4.7, this 
may be attributable to the degradation: seen in the fat 
body lanes. The degradation seen in the fat body 
lanes of the gels shown in figures 4.7 and 4.8 are 
thought to be due, at least in part, to a recurrent 
bacterial infection of the experimental flies. At 
the time of the experiment, the laboratory stocks were 
suffering from a severe infection, which would take 
several generations to eliminate. The SDS-PAGE 
analysis is being repeated at the time of writing. 
Western blotting was employed to clarify the 
result. This technique, however, is extremely 
sensitive, and is able to detect YPs in wild-type 
fat body, a tissue in which, as noted above, no 
Yps can be detected by Coomassie Blue staining. 
Because of the sensitivity, it is difficult to 
obtain quantitative results from western blotting. 
The blot shown in figure 4.9 illustrates the problem. 
Samples were collected from five flies (OrR,I.line M 
homozygotes) and from two flies (line C), and a 
volume equivalent to one, or one fifth of a fly loaded 
in each lane. Ovary lanes contain one fifth of an 
ovary each. YPs are detectable in a single fat body 
in the wild-type strain, OrR. The affinity of the 
polyclonal rabbit anti-Yp antibody for YP3 is lower 
than for YP1 and YP2. The resolution of YP1 from YP2 
i. - - 	 rflQ 
and from YPl 	is again a problem, as the bands 
FIGURE 4,9 
Western Blot Analysis of Transformed lines. 
The gel was a 7% 	20% acrylamide gel, and 
transfer and detection of YP5 was as described 
(2.2.15). Abbreviations are as in figures 
4.7 and 4.8. 
Each haemolymph and fat body lane in lanes 
1 - 12 represent one fly equivalent, and 
each ovary lane one-fifth of an ovary. 
Lanes 13 - 15 contain one-fifth of a fly 
equivalent. 
Five flies were sampled for OrR and YP1 LC09  









yp1LCO9 	yp1LC09 	yp1LC09 
OrR 	N1/M CI+ 	C/C 
rm fb cv 	flm fb cv hm fb cv hm fb cv fb fb fb 
Figure 4.9 
of protein tend to diffuse during the electre-
blotting procedure. 
Lanes 13 to 15 of the blot in figure 4.9 each 
contain one fifth of a fat body from OrR (lane 13), line 
C homozygotes (lane 14), and from line M homozygotes 
(lane 15). The sample in lane 15, the fat body 
sample from flies homozygous for the line M insertion 
appears to contain more YP1 and YP2 than do the 
comparable samples from OrR and line C flies. As 
with the SDS-PAGE analysis, the western blotting 
may be suffering from protein degradation. However, 
YE' degradation products are usually visualised by 
the antibody detection, and few can be seen in this 
blot. 
The line C flies used in this experiment were 
young, and had small ovaries, although vitellogenic 
follicles were present. It was assumed that the 
transcription enhancer described by Garabedian et al. 
(1986) would function in the correct stage, sex, 
and tissue specific manner. The introduced ypl v24 
in line G is certainly expressed, and its product 
successfully both exported into the haemolymph, and 
accumulated by the oocytes during vitellogenesis. 
Incomplete evidence suggests that the introduced 
yp1 1163 gene is also expressed, in this case in the 
fat bodies, .arid that its product is not efficiently 
secreted. However, it should be noted that in all 
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cases where the term fat body is used, the body part 
sampled is really' the abdominal body wall, as the 
fat body is difficult to isolate free of other tissue. 
4.5 Fertility of Transfármed Lines 
Each of the transformed lines G, C, and M was 
tested for fertility at 18 °C and at 29 °C. 	The 
results are presented in table 4.3. For this 
experiment, five to ten flies of the indicated 
genotype were placed at the temperature listed for 
six to seven days, with males of the appropriate 
genotype. The flies were then transferred to fresh 
vials, and incubated for a further 24 hours at the 
indicated temperature. The flies were removed, and 
the vials incubated at the experimental temperature, 
for several days, before being examined for larval 
activity. 
The presence of a single copy of yp1 1163 does not 
appear to affect fertility at either temperature. Flies 
homozygous for fa(l)A1163, but with a single copy of 
v24 1 	are sterile at both temperatures. fs(1)A1163/FM3 
flies with a ypil24  insertion are sterile at 29 °C, 
but not at 18 0C. 
4.6 Discussion 
The primary objective of this experiment was to 
determine whether or not the effective absence of YP1 




0 29 	C 
OrR F F 
yp1 09/YPl 09 F F 
fs(1)A11631fs(1)A1163 S S 
fs(1)A1163/FM3 F S 
fs(1)A11631fs(1)A1163; 	G/+ S S 
fs(1)A1163/FM3; G/+ F S 
yp1LCO9/yp1LCO9; C/+ F F 
yp1LC09/yp1LC09; M/+ F F 
yp1LC09/yp1LC09; G/+ ND F 
Table 4.3 	The fertility of transformed lines 
Abbreviations: F : fertile 
S : sterile 
ND not done. 
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for the female-sterile phenotype. The mutant ypl 
1163 
gene could be involved in two ways. Firstly, 
sterility could be caused by a pleiotropic, indirect, 
consequence of the defective secretion of YP1 1163 
This possibility has been mentioned in chapter one. 
Secondly, the sterility could be due directly to the 
absence or the reduction in the quantity of YP1 in 
the oocytes of the mutant flies. In addition, it is 
possible that the explanation of the female-sterility 
involves both alternatives, with the dominant 
temperature sensitive sterility being due indirectly 
to the abnormal secretion of YP1 1163 , and the recessive 
sterility seen in homozygotes at 18 0C being due to 
the lack of YP1 in the oocytes. Another explanation is 
that there is a closely linked mutation responsible 
for the female sterility. 
The vector chosen for this experiment was :puchsneo 
(Steller and Pirrotta, 1985), and the ypi fragments 
were BglII fragments known to contain the fat body 
enhancer located by Gradedian et al.,(1986). Drosophila 
lines transformed with ypl'?24  (a wild-type ypl) and 
with ypl 
1163 were established and the sites of 
integration in most of these lines have been determined. 
Many of the insertions are within the third chromosome, 
though no reason is known why a specificity for 
insertion could be seen. The insertions are in 
different locations, and both Southern blot data, and 
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records of the origins of the transformed lines 
confirm that they are all independently derived. 
The introduced genes appear to be functioning 
normally, with respect to the amounts of YP1 
produced (figures 4.7, 4.8). The YP1v24  encoded 
by the introduced yp]Y 24 gene was apparently secreted 
normally into the haemolymph, presumably from the fat 
body, since ovarian YPS are not found in the 
haemolymph (Srdic et al.,1979), and selectively 
accumulated by the oocytes. YP1 1163 encoded by the 
introduced ypl 63 appeared to be synthesized within 
the fat body, and to be defective in secretion. 
puChsneo relies on sufficient hsp70/neo expression 
for the selection of the transformed individuals, 
and it is therefore to be expected that many 
insertions in sites unfavourable for expression due 
to position effect will be lost during the G418 
selection. This is in contrast to the vectors 
employing rosy selection, where as little as 1% - 
5% of normal levels of ry+  expression can rescue the 
ry eye colour phenotype (Karess, 1985). 
Flies from three of the transformed lines were 
tested at both 18 °C and at 29 °C for sterility. 
No effect on the fertility was seen in flies containing 
1163 the introduced copy of ypi 	. In addition, the 
presence of an introduced copy of ypil24,  a wild 
type gene, failed to rescue the female-sterile 
phenotypes of both fs(1)A1163/FM3 (at 29 °C), and 
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fs(1)A1163/fs(1)A1163 (at both 18 C and at 29 °C) 
v24 flies. The pRS 1-P[neo;ypl 	11 insertion directed 
sufficient syntesis of YP1 v24 that the ratios of 
the YPs in the oocytes of homozygous fs(1)A1163 
heterozygous for the insertion were closer to wild-
type ratios than seen in flies heterozygous for 
fs(1)A1163. The sterility of these flies cannot be 
due to the insertion of pRS1-PLneo;ypl 11631  
into a gene required for fertility, since the flies 
used in the fertility test were heterozygous for this 
insertion. A dominant female sterile mutation could 
not be maintained in this line under G418 selection. 
The conclusion drawn from thee, results 
described in this chapter is that the female-sterility 
of the fs(1)A1163 stock is not due directly to the 
reduced quantity of YP1 in the oocytes. 
CHAPTER 5 
SEQUENCE ANALYSIS OF A MUTANT yp2 
5.1 Introduction 
fs(1)K313 is a first chromosomal female sterile 
mutant found in a screen following EMS mutagenesis 
(Komitopoulou et al., 1983). It was identified as a 
secretion mutant of yp2 (Williams et al., submitted). 
The phenotype of fs(1)K313 parallels that of fs(1)A1163 
closely: heterozygotes are sterile at 29 °C, but 
fertile at 18 0C, while homozygotes are sterile at 
both temperatures, and YP2 is seen to be reduced in 
haemolymph and oocytes, and to be accumulated in the 
fat bodies. fs(1)K313 has been classed as an allele of 
fs(1)A1163 by complementation analysis (Komitopoulou 
et al.,1983), although this is thought to result from 
a common cause of sterility, rather than a genuine 
failure to complement fs(1)A1163 (Williams et al., 
submitted). Flies heterozygous for both fs(1)A1163 
and fs(1)K313 are not completely sterile: some eggs 
laid are viable (Williams et al, submitted) . The 
discovery of the YP2 variation in fs(1)K313 has 
influenced the hypotheses of the mechanism by which 
fs(1)K313 and fs(1)A1163 cause the sterility phenotype. 
This will be discussed more fully in Chapter 6. The 
aim of the work described in this chapter was to 
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M. 
identify mutations within the gene encoding YP2 K313 
5.2 Construction and Screening of Genomic Libraries / 
A genomic library of Hindlil restriction enzyme 
fragments of DNA extracted from fs(1)K313 homozygotes 
was constructed in the vector XNM1149 by John Williams 
in the same way as described in Chapter 3. A 
recombinant phage was isolated, XJWK2, which contains 
two Hindlil fragments, one being the Hindlil fragment 
containing yp2K313  (figure 5.3). 
5.3 Sequencing Strategy 
The 2.3kb HindIll fragment containing yp2 I<313  
was isolated from clone XJWK2 by electroelution from 
agarose gels as described. This fragment was sub-
cloned directly into the Hindill site of M13 mp19. 
In addition, Bylil - Hindlil fragments, and a range 
of TaqI fragments were cloned in M13 mp19. 
The sequencing strategy is shown in figure 5.1. 
Where any discrepancy with the published sequence was 
seen, the sequence was determined on both strands. 
The orientation of sequences is indicated by the 
arrow heads. 
5.4 The Sequence of yp2 K313  
All the sequence differences identified in yp2 K313 
CanS relative to yp2 	(Hung and Wensink, 1983) are 
presented in table 5.1, and some in figure 5.2. As 
in the case of yp1 163 , there are several differences 
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FIGURE 5 -..l 
Strategy for sequencing jp 2 
 K313 
The two exons are represented by open boxes; 
transcription is from left to right. 
Arrows indicate restriction fragments subcloned 
in M13mp19, and their orientation. 
Restriction sites are indicated as follows: 
B : BglIII 
H : Hindill 
S : Sau3A 
T : TaqI 
X : XhoI 
Sites present in yp2 K313 , but absent in yp2 CarS  
are bracketed. 
FIGURE 5.2 
Sequencing Gels of some identified Sequence 
Variations in yp2 K313 
In each case, the yp2 CanS  sequence is alongside. 
The Met 68  to Leu 68 change 
Two transitions within the intron 
The Pro 141  to Leu 141 change. 	This change 
creates a TaqI site, and an XhoI site. 
Lower case letters indicate vector sequence. 
A silent transition in codon 208, in the 
second exon. 
Two silent transitions in exon two, codons 
247 and 249. 
A silent transversion in codon 407, 
creating a new TaqI site. 
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Sequence variations identified in yp2 K313  with 
CanS respect to yp2 
Met 68  to Leu 68  
Two changes within the intron 
141 	141 Pro 	to Leu 	This mutation creates 
a TaqI site and an XhoI site. 
Silent variation i n codon 208 
 Silent variations in codons 247 and 249 
 Silent variation in codon 357 
 Silent variation in codon 387 
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in comparison with the wild-type sequence. There 
are two base substitutions within the intron, and 
eight in the coding region. Of the coding region 
mutations, only two cause amino acid changes, 
68 	68 	 141 	141 
which are 	Met -to Leu , and Pro 	to Leu 
It should be noted that two of the coding region 
mutations give rise to new TaqI sites, one also 
being an XhoI site. The XhoI(TaqI) site was verified 
by restriction enzyme digestion (fig. 5.3), and the 
other new TaqI site by sequencing across it from 
the BglII site. The new restriction sites are 
indicated by bracketed identification letters in 
figure 5.1. 
5.5 Analysis of Sequence Data 
The protein sequences deduced from the sequences 
K313 	CanS 
of yp2 	and yp2 	were analysed using the UWGCG 
program PEPPLOT, as described in Chapter 3. Figure 
5.5 shows the graphic output of PEPPLOT, for the two 
amino acid changes identified. 
68 	-68 The change Met to Leu does not greatly 
affect the Chou and Fasman parameters. Both 
residues are classed as alpha formers and as beta 
formers, though the more detailed classification of 
Chou and Fasman (1978b)classes Met as a stronger 
beta former and a weaker - alpha former than Leu. 
The protein secondary structures of this region in 
the two proteins predicted by the method of Gamier 
FIGURE 	3 
Restriction Analysis of pYP2 and XJWK2 
A 1% Agarose gel separation of Hindlil and 
XhoI digests of pYP2, XJWK2, and XRS6. AJWK2 
bears the 2.3kb HindIll fragment containing yp2 K313 
and XRS6 contains an EcoRI fragment which includes 
1163 the 2.3kb HindIll fragment containing yp2 
1163 . 
1p2 	is a phenotypically wild-type yp2 gene 
derived from the same initial stock used in the 
mutagenesis experiments in which fs(1)A1163 and 
fs(1)K313 were induced. The marker tracks are 
the BRL 1kb ladder. 
Note that only in JWK2 is the 2.3kb HindIll 
fragment bearing yp2 cleaved by KhoI. Restriction 
maps derived from these gels are presented in 
figure 5.4 
Abbreviations: 	H3 : Hindlil 
























Hindill and XhoI restriction sites in pYP2, 
XJWK2 and ARS6. 
Genomic fragments containing yp2 are 
shown boxed, bold line indicates vector DNA, 
pBR322 in the case of pYP2, and XNM1149 in 
the case of XJWK2 and XRS6. Only XJWK6 
contains a 2.3kb HindIll yp2 fragment with 
an XhoI site. The new HindIII-XhoI fragment 
sizes calculated from the gels in figure 5.3 
are 0.84kb and 1.36kb, in close agreement 
with sequence data (appendix 2) which 
predicts sizes of 0.89kb and 1.43kb. 
H 	 H 
pY P2 
X 	 H X 	H 	 HR 
II II 	 JWK2 
II 	 H 	 R 	 X 




PEPPLOT Graphic Output for Residues 59-78(a) 
and 131-150b) of yp2<313  and YP2CanS 
The PEPPLOT Graphic Output is fully described 
in Chapters three and five. The panels from 
top to bottom are: 
The chemical nature of the residues. Basic 
and acidic residues are indicated by dashed 
lines up and down, and hydrophobic and 
hydrophilic residues by solid and dotted 
lines. Proline residues are represented 
by short, solid lines. 
The Chou and Fasman propsensity curves. 
Beta and alpha curves are represented by 
solid and broken lines. 
& 4. The probability that a residue lies 
at the N terminal end or C-terminal end 
of a beta or alpha structure. 
The turn probability curve. 
& 7. The hydrophobic moment curves. 
8. The hydropathy profile. 
-- - 
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et al., (1978) do not differ, either with or without 
taking decision constants into consideration. 
However, the Pro 141  to Leu 141 change does 
significantly alter both the PEPPLOT graphit output, 
and the Gamier prediction. Proline is known to be 
a strong breaker of both alpha and beta structures, 
and is frequently associated with turns. In contrast, 
leucine is classed as a strong alpha former, and as 
a beta former. 	Consequently, the graphs of the 
two Chou and Fasman parameters (fig. 5.5b) are 
different in this region in the mutant. In the mutant, 
both the beta and alpha graphs are elevated, with the 
alpha curve rising above the threshold for significance. 
In addition, it can be seen that there are more 
pentapeptide windows classed as beta nucleation 
sites in this region, and there are also more hexa-
peptide windows allowing alpha nucleation. However, 
only the alpha curve rises high enough to be significant.-
Few of the other data from PEPPLOT are greatly affected 
by the Pro 141  to Leu 141 change. 
The secondary structure predicted by PEPPLOT 
using the Gamier method is changed dramatically by 
141 	141 	 CanS the Pro 	to Leu 	change. In YP2 	, residue 
141 is assigned to the random coil state, flanked by 
two residues (142 and 143) assigned to coil, and two 
residues (139 and 140) assigned to the turn state. 
This is replaced in the mutant by a short region 
TABLES 5,2 
Gamier Secondary Structure Predictions for 
residues 53 to 83, and 126 to 156 of yp2 CanS 
K313 and YP2 	. The prediction columns for no 
decision constant, and for the 20 - 50% alpha, 
20 - 50% beta decision constants are shown. 
YP2 
CanS 2K313 2CanS 
\T2313 
%Alpha 	No DC 20-50 No DC 20-50 %Alpria No DC 20-50 W No DC 20-50 
% Beta 	No DC 20-50 No DC 20-50 % Beta No DC 20-50 No DC 20-50 
Pos ------------------ ----------------- Pos --------------------------------- 
53 C A C A 126 A A A A 
54 C C C C 127 A A A A 
55 C A C A 128 A A A A 
56 A A A A 129 A A A A 
57 A A A A 130 T T T T 
58 A A A 	- A 131 T T T T 
59 A A A A 132 T A T A 
60 A A A A 133 B B B B 
61 A A A A 134 B. B B B 
62 A A A A 135 B B B B 
63 A A A A 136 B B B B 
64 A A A A 137 B B B B 
65 A A A A 138 B B B B 
66 A A A A 139 T T T A 
67 A A A A 140 P T C A 
68 A A A A 141 C C C A 
69 A A A A 142 C C C B 
70 A A A A 143 C C C B 
71 A A A A 144 C B C B 
72 A A A A 145 C B B B 
73 A A A A 146 B B B B 
74 A A A A 147 B B B B 
75 A A A A 148 B B B B 
76 A A A A 149 B B A B 
77 A A A A 150 A A A A 
78 T A T A 151 T A T A 
79 T B T B 152 T A T A 
80 T A T A 153 A B A B 
81 A A A A 154 B B B B 
82 A A A A 155 B B B B 
83 A A A A 156 B B B 
TABLE 5.2 
assigned to the alpha helix state (139 to 141), and a 
slight increase in the length of the beta sheet 
(starting with residue 142 in the mutant, rather than 
with residue 144 as in YP2CanS ) 	Whether the two 
residues assigned to the turn conformation in YP2CanS 
by the Gamier prediction method would assume that 
conformation is uncertain: while the turn probability 
curve in the PEPPLOT output does have an extra peak 
in the YP2 CanS  curve that is missing in the YF2<313 
curve, this peak is not large. The secondary structure 
prediction for YP2CanS  by Hung and Wensink (1983) shows 
Pro 141  to be located at a turn. 
5.6 Discussion 
Ten nucleotide variations have been identified 
K313 	 Cans in yp2 	, relative to yp2 	. Three are transversions, 
and seven are transitions. Of the eight variations 
within the exons, two cause changes in the encoded 
polypeptide, these changes being Met 68  to Leu68 , and 
141 to Leu 141 Pro 	 . Two of the variations created new 
TaqI sites, and one of these is also an XhoI site. 
The yp2 gene from the parent stock v 24 was not sequenced, 
and whether these nucleotide variations are specific to 
the rnutagenesis or are merely characteristic of the 
initial strain cannot be concluded. However, the 
genetic evidence is that there is a mutation within 
the coding region of yp2I<313  that is responsible for 
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the secretion defect of its product. The sequence 
of the proposed leader peptide of yP.2 CanS  is identical: 
K313 to that in YP2 	. It is impossible to be sure 
which of the two amino acid substitutions above 
are responsible for the defective secretion of yp2K313. 
On the basis of the secondary structure analysis, it 
might be suggested that it is the Pro 
141  to Leu 141  
alteration that is most likely to be the cause of 
the defect, but, for reasons discussed in Chapter 3, 
secondary structure predictions are not accurate enough 
to support this. Comparisons of the sequences of wild 
type YP1, YP2 and YP3 reveal that Pro 
141  is conserved 
in all three proteins, while Met 68  is not, and the 
residue in its equivalent position in YP1 and Yp2 is 
leucine. These amino acid substitutions do not alter 
or create any known consensus sequences for post-
translational modifications. 
In conclusion, it can be said that the secretion 
defect of YP2 K313  is due to one or both of the amino 
acid substitutions described above, and is probably 
caused by the Pro 141  to Leu 141 change. However, the 
determination of which substitution is responsible 
cannot be made from primary sequence data alone. 
To identify which lesion is responsible for the 
secretory defect, a transformation experiment similar 
to the one described in Chapter 4 might be carried out, 
with the introduced yp2 genes bearing Leu 68 , Leu141 
or both changes. Sequencing the yp2 from v 24 might 
reveal one of these changes to be due to natural 
variation rather than mutagenesis. 
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CHAPTER 6 
DISCUSSION AND CONCLUSIONS 
6.1 The Relationship of Identified Substitutions 
1163 	K313 in YP1 	and YP2 	to the Secretion 
Defects 
The process of secretion of proteins has been the 
subject of a great deal of research, particularly in 
mammalian systems. This has constituted a generalised 
picture of secretory mechanisms, into which the 
identified mutations in ypl 1163  and yp2 K313 can be set. 
It is known that many proteins contain sequences that 
define their ultimate destinations within and outwith 
the cell (reviewed Sabatini et al.., 1980; Walter et al., 
1984) 
The first such sequence to be characterised was 
the leader sequence, which is known to specify entry 
to the endoplasmic reticulum of the cell, the first 
step in the process of secretion. Many signal 
sequences are known, and they share a common structure, 
though much sequence variation is seen. Generally, 
the sequence is located at the N-terminus of the 
protein, and consists of approximately 20 residues, 
mostly with hydrophobic side-chains, with the tip 
being composed of residues with hydrophilic side 
chains. This sequence is thought to interact with 
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the signal recognition particle (SRP), as it emerges 
from the ribosome and this interaction is postulated 
to cause a block to further translation, which is 
relieved by interaction with the docking protein 
(DP) on the surface of the endoplasmic reticulum (ER). 
When the ribosome-SRP complex interacts with the DP, 
the SRP detaches and translation continues, with 
the nascent polypeptide passing through the ER 
membrane (reviewed Walter et al.,1984). The signal 
peptide is removed by a specific peptidase during this 
process. 
Once within the ER, the polypeptide undergoes 
the initial steps of glycosylation, for example the 
addition of small sugar moieties (Hubbarthandlvatt, 
1981). After initiation of glycosylation, the proteins 
are sorted according to their final destination, such 
as secretory residues in the case of specialised 
products such as growth hormones, for example 
Moore and Kelly,(1986), or to the cell surface. Much 
of this sorting appears to take place within the 
Golgi apparatus (review, Dunphy and Rothman, 1985). 
Recent work has shown the Golgi to be a highly 
organised organelle, in which the various biochemical 
modifications such as phosphorylation and glycosylation 
take place, in specific compartments. Proteins are 
transported between the cisternae by vesidles. It is 
thought that each protein has a signal by which the 
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sorting is organised. An example of a signal for 
membrane location is seen in the haemaglutinin (HA) of 
influenza virus (Gethirig' et ai., 1985). HA has a 
typical signal sequence directing it into the 
secretory patterning, but it also has a C-terminal 
hydrophobic sequence that functions as a "stop" 
signal, and anchors the protein to the membrane. 
The hydrophilic cytoplasmic tail of HA has been 
investigated by in vitro mutagenesis(Gething et al.,, 
1985) , and some changes are seen to affect the rate 
of transport from the ER to the Golgi, and some to 
reduce transport from the Golgi to the cell surface. 
Glycosylation has been implicated in some cases 
as a signal for secretion. Guan and Rose (1984) 
fused rat growth hormone (rRG) to the membrane 
spa ning and cytoplasmic domains of the vesicular 
stomatitis virus glycoprotein (G), and found the 
fusion to be efficiently translocated into the ER, 
and to be anchored in the membrane, although it does 
not leave the Golgi apparatus. (Guan et al.., (1985) 
introduced Asn-linked glycosylation consensus 
sequences to the protein by in vitro mutagenesis, and 
found that the glycosylated protein, although 
apparently without complete oligosaccharide processing, 
was efficiently transported to the centre membrane 
of cultured cells. It would appear that in this case 
glycosylation is functioning as a signal for secretion. 
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Other signals specifying intracellular and-extra- 	? 
cellular localisations include the signals for mito-
chondria.limport (Hurt et al.,1985) and for nuclear 
import. Dingwall et al. (1982) localized a signal 
for nuclear accumulation of nucleoplasmin within 
the C-terminal tail of the polypeptide. 	This 
protein is imported to the nucleus as a pentamer, 
though it was found that a single tail was sufficient 
to direct transport of a pentamer. Mutants of the 
S40 large-T nuclear antigen are known, in which 
nuclear localization is abolished. Kalderon et al., 
(1984a) identified a spontaneous mutation of 
Lys 128  to Thr128 , while Lanford et al., (1984) created 
a mutant, Lys 128  to Asn 128 , and both these mutants 
abolished nuclear transport. Lys 128  lies within the 
pertapeptide Lys 127  Lys Lys Arg Lys 131 , which was 
subsequently identified as a signal for nuclear 
accumulation (Kalderon et al., 1984b; Goldfarb et al., 
198 6). 
The mutations identified in yp1 1163 K313 and yp2 
that may be responsible for the defective secretion 
of the protein products of these genes have been 
described in Chapters 3 and 5. It is clear from 
evidence presented in Chapter 1, 	that the YP1 1163 
is proceeding some way along the secretory patterning. 
The protein is processed normally by dog pancreas 
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microsomes, (Minoo, 1982), and is apparently 
both glycosylated and phosphorylated (Minoo and 
Postlethwait, 1985b), which suggests the protein 
is entering the Golgi apparatus. The SDS-PAGE mobility 
of yp2K313  suggests that this protein is entering 
the secretion pathway, since it migrates at the 
same rate as processed YP2 ° . In addition, Giorgi 
and Postlethwait (1985) have visualised abnormal 
secretory granules within the ovarian follicle cells 
of f3 (1)A1163 homozygotes. Bownes (pers. comm.) has 
also observed disruption of fat body cells in flies 
of these genotypes. The analysis of protein 
secondary structure of these proteins suggests possible 
mechanisms for the secretion defect. There are two 
ways in which the mutations might interrupt secretion. 
The first is that the mutation directly disrupts a 
signal sequence required to direct correct and 
efficient secretion, while the other is that the mutation 
perturbs the structure of the protein such that such 
• signal sequence is masked or distorted, in such 
• way that it does not function. The nature of such 
• signal is unknown - for example it could be an 
amino acid sequence, or a post-translational modification, 
such as glycosylation. It is interesting to note that 
the initial hypotheses concerning the SV40 large-T 
nuclear localisation signal involved these alternatives 
(Kalderan et al., 1984a; 	Lanfød et al. 3 1984) and in 
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this case, the identified mutation proved to be 
within a specific signal sequence (Kalderonet:al., 
1984b; Goldfarb et al.,1986) . YP11163 and yp2 1<313 
display a temperature-sensitive secretion defect, in 
which their secretion is disrupted more at 29 °C 
than at 18 0C. This observation would be consistent 
with the suggestion that the mutant phenotype is 
brought about by a conformational change in the 
tertiary structure of the protein which is more 
pronounced at higher temperature. 
It is impossible to define which of those 
1163 	K313 
alternatives is the case in YP1 	and YP2 
The methods of secondary structure prediction 
currently available are not reliable, and the 
second possibility mentioned above would probably 
involve tertiary structure alterations, which 
are completely outwith the scope of current predictive 
methods. 
Very little is known of the details of post-
translational processing of YP1 and YP2. Both proteins 
are glycosylated and phosphorylated (Brennan and 
Mahowald, 1982; Mintzas and Kaithysellis, 1982; 
Minoo, 1982; Minoc and Postlethwait, 1985a), 
although only YP2 contains a consensus sequence for 
Asn linked glycosylation, in this case Asn 25-Arg-Ser. 
Presumably YP1 is glycosylated via other, less well 
understood, linkages. 
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Comparisons between the YP1, YP2 and .YP3 predicted 
sequences are shown in appendix 3. It can be .seen that 
Ile 
92  in YP1 is conserved in YP2, where its position 
is 99, although it appears not to be conserved in YP3. 
The amino acid corresponding to Met 68  of Yp2 in YP1 
and YP3 is Leu, which is the amino acid it is mutated 
K313 	141 to in YP2 	. Pro 	of YP2 is conserved in all 
three protein sequences. A comparison of sequences 
around these residues is presented in figure 6.1, 
aligned as in the computer best fit. 
Since three proteins, by the computer analyses 
shown in appendix 3, are about 50% - 55% homologous 
in protein sequence, it is to be expected that there 
be a certain amount of homology around any randomly 
selected residue in one of the proteins. Figure 6.1 
shows considerable homology in the vicinity of all 
three mutation sites in comparisons between YP1, 
YP2 and YP3. It is impossible, on the basis of 
observed homologies in these regions, to determine 
the most probable means by which mutations at these 
sites cause the secretion phenotypes. Both 
structural regions required for the correct presentation 
of a signal peptide, and the signal itself would 
probably be conserved, and, in any case, any specific 
conservation might be masked by the similarity between 
the proteins, which is 56%, 	56% and 	50% for 
YP1:YP2, YP1:YP3, and YP2:YP3 respectively. However, 
FIGURE 6.1 
Sequence Homology in the Vicinity of Identified 
Substitutions in YP1 and YP3. 
Regions flanking the identified mutations 
in YP1 and Yp2 are aligned with the YP3 predicted 
sequences. Identical residues are boxed. Note 
that bf therthree residues mutated, only Pro 141 
and YP2 is conserved in both other YPs. 
YP1 	
LENMNLERGAIE 
yp2 	L[QEMSjEEGAT 	 Met 68 
YP3 	LENjQP[EQGAJK 
YP1 	YJVPSjGIQVYVP 	 Ile 92 
rPPs I Q1RGYTv  
'P 	IPVP]PSNVPVW 
YP1 	IVTGLPQTSIET 




much of the homology between these proteins lies in 
the C-terminal part of the sequences. ,.Hung and 
Wensink (1983) in.their alignment of YP1 and yP2 
(which differs from that in appendix 3 because it 
takes into account nucleotide sequence homology) 
state this region to be 73% homologous. 	The region 
in which the three sites at which mutations have 
been identified are within a region of more moderate 
homology. 
In conclusion, the means by which these 
mutations cause the mutant phenotype cannot be 
deduced from primary sequence data alone, and 
further experimentation would be required. Such 
experiments are discussed in Section 6.3. 
6.2 Is Female-Sterility of fs(1)A1163 and fs(1)K313 
Due to the Secretion Defect of the Mutant YPs ? 
At the outset of this project., it was believed 
that the reduction in oocyte titres of YP1 in 
fs(1)A1163 oocytes could be the cause of sterility in 
these flies, although it was acknowledged there could 
be a mutant locus closely linked to ypi which was 
responsible for the female sterility. It was also 
realised that there might be more than one cause of 
sterility, for example, that there was one lesion 
causing a dominant, temperature sensitive sterility 
and another responsible for a recessive sterility, 
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which was not temperature sensitive, It is 
conceivable that one lesion could cause both effects. 
To illustrate this, it is possible that a mutant YP1 
that is not secreted could cause sterility due to 
lack of YP1 in the oocyte at whatever temperature 
the flies are maintained, and that the same lesion 
could exert a temperature sensitive effect by 
interfering with the normal secretory activity of 
the cells synthesizing it, related to the rates of 
synthesis, and a temperature sensitivity of the 
defective protein itself. 
After the work described in this thesis was 
begun, a second female sterile mutant, fs(1)K313, was 
found to be defective in secretion of YP2, in a very 
similar manner to that seen in fs(1)A1163. These two 
mutations were classed as alleles (Perrimon and 
Gans, 1983) on the basis of complementation testing, 
although work in this laboratory has discounted this 
(Williams et al., submitted). 	Even so, it is unlikely 
that both mutants have mutations within the same locus 
required for female sterility, mapping close to ypl 
and yp2, and both have second mutations within a yp 
gene. The most likely explanation, then, for the 
apparent complementation of these two mutants is that 
they cause their female-sterile phenotypes in the 
same manner. 
:iii 
The results preseritdin Chapter 4 demonstrate 
that the restoration of the YP1 haemolyrnph titre 
in flies homozygous for fs(1)A1163 to near wild- 
type levels does not restore f4L/ 	in these flies 
at either 18 0  C or at 29 0C. Nor is the sterility 
of fs(1)A1163 heterozygotes at 29 0C rescued. The 
sterility of these flies must therefore be due not 
to a simple lack of YP1 in the oocytes of these flies, 
but to some other defect. It is interesting to note 
that Tamura et al. (1985) used, as part of their 
analysis of yp expression following transformation, 
a strain that appears to synthesize no YP2. This 
suggests that at least YP2 is dispensible. However, 
another of the Gans et al. (1975) female-sterile mutants, 
fs(1)A1525 synthesizes no detectable YP3 (Williams 
and Bownes, unpub.). Perhaps this reflects differing 
roles in yolk protein oligomer assembly, or yolk 
platelet formation. The work of Giorgi and 
Postlethwait (1985) suggests another alternative. 
Giorgi and Postlethwait observed disruption of the 
secretory apparatus of the ovarian follicle cells during 
vitellogenesis in fs(1)A1163 homozygotes, which 
appeared to affect subsequent secretion by the follicle 
cells. Vitelline membrane defects appeared to be due 
to this perturbation of secretion. 
An hypothesis concerning the mode of action of 
the fs(1)A1163 and fs(1)K313 lesions can'be 
6.2, continued 
There is no conclusive genetic evidence that 
the lesion affecting the secretion of YP2 in 
fs(l)K313 is cis acting, as is the case for 
fs(l)A1163. The suggestion that there is a 
mutation in a locus other than yp2, which impairs 
YP2 secretion remains open. This could be tested 
using an electrophoretic variant of YP2, to 
investigate which of the yP2 proteins synthesized 
by a fly heterozygous for yp2K 313 and the yp2 
encoding the variant is secretion defective. 
Another way to test this model would be by 
transformation using the constructs described in 
6.3. This model of the nature of the secretion 
defect of YP2K313 is less attractive than the 
model presented in chapter 5, since it is 
unlikely that there is an enzyme specifically 
required for correct export of YP2, and that it-
is present in such limiting amounts that a fly 
producing 50% of this enzyme secretes only 50% 
of the YP2 produced. 
The possibility that there is a mutation 
other than those responsible for the YP defects 
in fs(l)A1163 and fs(l)K313 that causes the 
female-sterile phenotype of these strains is not 
excluded by the results presented in this thesis. 
However, the complementation data of Williams 
et al. (submitted) shows that the two female-
sterile mutations partially complement each other, 
indicating that the two lesions are in different 
loci. The model in which the sterility is due 
indirectly to the YP1 1163 and YP2 313 secretion 
defects is favoured, since the case in which two 
female sterile loci are coincidentally linked to 
defective yolk protein genes is less probable. 
This problem can be resolved by transformation, as 
described in 6.3. 
formulated. It is most likely that in both cases, 
sterility is due to abnormally slow secretion of 
1163 	K313 
YP1 	or yp2 	, which block and disrupt subsequent 
synthetic activities of the ovarian follicle cells. 
The severity of the sterility then depends on gene 
dosage, and on temperature. Since the two mutations 
are temperature sensitive, it is probably that the 
affect on secretion itself is temperature sensitive. 
In flies with two mutant YP genes, either heterozygous 
for fs(1)K313 and fs(1)A1163, or homozygous for 
either, the follicle cells are synthesizing enough 
defective YP to interfere with secretion, at 18 
and at 29 °C. In the case of flies heterozygous for 
fs(1)K313, or for fs(1)A1163, there is sufficient 
disruption only when secretion of mutant YP is 
reduced by high temperature. It is relevant at this 
point to note that fs(1)K313/Df(1)C52 and 
fs(1)A1163/Df(1)C52 flies display the sterility 
phenotype of heterozygous flies (Williams et al., 
in press). Df(1)C52 is a deficiency that removes 
ypl and yp2. 
6.3 Future Experiments 
It would be possible to use techniques of in vitro 
mutagenesis to investigate which regions of the Yps 
are important for their function. Examples of where 
this approach would be interesting are mutagenesis 
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of the Yp2 and YP3 counterparts of Ile 
92 
 in YP1, and 
the YP1 and YP3 counterparts of Met 8 and Pro 141 in 
yp2. Different amino acid substitutions at these sites' 
might prove to cause different effects. Other well 
conserved regions of the Y .Ps could be investigated 
in this way. An interesting sequence to be examined 
in this way is the Asn-linked glycosylation signal 
in yP2. 
Should any sequences promise to be signalling 
sequences gene fusion experiments might resolve them, 
as in the case of SV40 large-T antigen described 
above. Sequence analysis of yp genes of closely 
related Drosophila species might reveal particularly 
well-conserved sequences within theyp genes that 
might deserve similar analysis. 
Transformation experiments can be devised to 
determine whether the female-sterility in fs(1)A1163 
and fs(1)K313 does depend on ovarian expression of 
the mutant yp genes. It would be relatively easy to 
make constructs with one or the other, or both, 
enhancers that lie between ypl and yp2. 
The experiment described in Chapter 4 illustrates 
how a construct that will express an introduced ypl 
in fat bodies only can be made. A similar construct 
could be made that would also express the ypi in the 
ovaries, by inserting a fragment bearing the yp2 
upstream sequences into an adjacent polylinker site. 
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To make a construct that would express the 	- 
introduced ypl in ovaries only, the fat body  
enhancer would have to be deleted from the ypl 
bearing fragment, perhaps by Ba131 exonuclease 
digestion, before inserting it into the transformation 
vector. In this way, constructs designed to express 
introduced ypl or yp2 genes in either or both site 
could be made. 
The hypothesis of the mechanism of female 
sterility in fs(1)A1163 and fs(1)K313 can easily 
be tested by the constructs above. 	The presence 
of a copy of ovary-expressing ypi 1163  or ypl K313 should 
cause a temperature sensitive sterility phenotype. 
The relationship of the heterozygous and homozygous 
sterility phenotypes to both the number of copies 
of mutant ypl and yp2 genes present and the ratio 
of mutant alleles to wild-type alleles could be 
investigated with these constructs. The deficiency 
Df(l)C52, which deletes ypl and yp2 would be useful 
in this analysis. Since fs(1)A1163/Df(1)C52 and 
fs(1)K313/Df(1)c52 individuals display the same 
sterility phenotype as the respective heterozygotes, 
it might be expected that the sterility phenotype 
would depend on the absolute numbers of active mutant 
ypi and yp2 genes. 	This could be tested by transforming 
both with ovarian expressing mutant ypl and yp2 and 
with ovarian expressing wild type ypl or yp2. Thus one 
might expect to be able to cause the homozygous and 
heterozygous female sterility phenotype, but not to 
be able to rescue them. 
The analyses of the structure and function of 
the YPs of Drosophila melanogaster and their genes 
have, to an extent, been hindered by the lack of 
mutations in these loci. It is likely that the 
further analysis of fs(1)A1163 and fs(1)K313, and 
subsequent in vitro mutated yp genes may fill 
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Appendix 1 shows the sequence of ypl 1163  
and some flanking sequence aligned with the published 
CanS sequence of ypl 	, as determined by Hovemann et al. 
(1981). 	The upper sequence is ypl 1163,  and the 
lower is ypl CanS  'and mismatches due to sequence 
variation are represented by asterisks. 
The following features are enclosed in boxes: 
the TATA box, the Cap site, the putative rRNA 
binding site, the start codon and the termination 
codon. Splice sites are indicated by vertical 
lines, and the transcriptional start site by an 
arrow. 
125 
10 	 30 	 50 
GTGTATATAACACCATCGTTGCATTTGGAAGGcCAGTTCP1CTCACTCAGTGTTGAA 
GTGTATATAAACACCATCGTTGGATTTGGAAGGCAGTTCP1ACTCACTCAGTGTTGAA 
70 	 90 	 110 
GTCATCCGCMGACCAAATCCCAAATCCGAACGACCCCATGAGAGTGCTGAGCC 
GTQGCATCCGCAGACCAAATCCCAAATCCGAACAACCCCATGAGAGTGCTGAGCC 
130 	 150 	 170 
TTCTGGCTTGCTTGGCGGTCGCCGCCTTGGCCAAGCCCAATGGCCGTATGGACAACTCCG 
TTCTGGCTT GCT TG GCGGTCGCC GC C TTGGC C AAGCC CAAT GGC C GT ATGGACAACTCC G 
190 	 210 	 230 
TCAACCAGGCATTGAAGCCGTCGCAGTGGCTCTCCGGATCCCAGCTGGAGGCCATTCCCG 
TCAACCAGGCATTGAAGCCGTCGCAGTGGCTCTCCGGATCCCAGCTGGAGGCCATTCCCG 
250 	 270 	 290 
CCCTCGACGATTTCACCATTGAGCGTCTGGAGAACAPGAACCTGGAGCGTGGCGCCGAGC 
CCCTCGACGATTTCACCATTGAGCGTCTGGAGAACATGAACCTGGAGCGTGGCGCCGAGC 
310 	 330 	 350 
TGCTGCAGCAAGTC3TGAGTAATCCTAGATGCAGATAAAAAAAAAAAAAAAAAACATCG 
I 	 ** * 
TGCTGCAGCAAGTC$TGAGTAATCCTAGATGCAGATAAAAAAAAAAAAAAAA* *CCTCG 
370 	 390 	 410 
AATATTCTATGGAATATATATATCCTTTGTA+CCACCTGTCGCPGATCCACCACAACGT  
AATATTCTATGGAATATATATATCCTTTGTA+CCACCTGTCGCAGATCCACCACAACGT  





490 	 510 	 530 
GACCGTTGCTCCCCTGAACGAGATGATCCAGCGCCTGAAGCAGAAGCAGAACTTTGGTGA 
GACCGTTGCTCCCCTGAACGAGATGATCCAGCGCCTGAAGCAGAAGCAGAACTTTGGTGA 
550 	 570 	 590 
GGATGAGGTGACCATCATTGTGACCGGACTGCCCCAGACCAGCGAGACCGTGAAGAAGGC 
GGATGAGGTGACCATCATTGTGACCGGACTGCCCCAGACCAGCGAGACCGTGAAGAAGGC 
610 	 630 	 650 
GACCAGGAAGCTGGTTCAGCCTTACATGCAGCGCTACAATCTGCAGCAGCAGCGCCAGCA 
GACCAGGAAGCTGGTTCAGGCTTACATGCAGCGCTACAATCTGCAGCAGCAGCGCCAGCA 
670 	 690 	 710 
CGGCAAGAACGGCAACCAGGACTACCAGGATCAGAGCAACGAACAGAGGAAGAACCAGAG 
CGGCAAGAACGGCAACCAGGACTACCAGGATCAGAGCAACGAACAGAGGAAGAACCAGAG 
730 	 750 	 770 
GACCAGCAGCGAGGAGGACTACAGCGAGGAGGTTAAGAACGCCAAGACCCAAAGCGGCGA 
GACCAGCAGCGAGGAGGACTACAGCGAGGAGGTTAAGAACGCCAAGACCCAAAGCGGCGA 
790 	 810 	 830 
CATCATTGTGATCGATTTGGGCTCCAAGCTGAACACCTATGACCGTTATGCCATGCTCGA 
CATCATTGTGATCGATTTGGGCTCCAAGCTGAACACCTATGAGCGTTATGCCATGCTCGA 
850 	 870 	 890 
CATTGAGAAGACCGGCGCCAAGATCGGCAAGTGGATCGTCCAGATGGTCAACGAGTTGGA 
CATTGAGPAGACCGCCGCCAAGATCGGCAAGTGGATCGTCCAGATGGTCAACGAGTTGGA 





970 	 990 	 1010 
CGCTGCCCAGGAATTCACCCGTCTCACCGGACACAAGCTGCCCCGTGTCACCGGTCTGGA 
CGCTGCCCAGGAATTCACCCGTCTCACCGGACACAAGCTGCGCCGTGTCACCGGTCTGGA 
1030 	 1050 	 1070 
TCCCTCCAAGATCGTGCCCAAGAGCAAGAACACCCTGACCGGTCTGGCTCGCGGTGATGC 
TCCCTCCAAGATCGTGGCCAAGAGCAAGAACACCCTGACCGGTCTGGCTCGCGGTGATGC 
1090 	 1110 	 1130 
TGAATTCGTTGACGCCATCCACACCTCGGTCTACGGCATGGGCACCCCCATCCGCTCCGG 
TGAATTCGTTGACGCCATCCACACCTCGGTCTACGGCATGGGCACCCCCATCCGCTCCGG 




1210 	 1230 	 1250 
GGAGGCCGCCATGCGTGCCACCCGCTACTTCGCCGAGTCCGTGCGTCCCGGAAACCAGAG 
GGAGGCCGCCATGCGTGCCACCCGCTACTTcGccGAGTccGTGcGTccccGAAccAcAG 
1270 	 1290 	 1310 
GAGCTTCCCCGCCGTGCCAGCCAACTCCCTGCAGCAGTACAAGCAGAACGATGGATTCGG 
GAGCTTCCCCGCCGTGCCAGCCAACTCCCTGCAGCAGTACAAGCAGAACGATGGATTCGG 
1330 	 1350 	 1370 
CAAGCGTGCCTACATGGGCATCGATACCGCTCACGATCTCGAGGGTGACTACATTCTGCA 
CAAGCGTGCCTACATGGGCATCGATACCGCTCACGATCTCGAGGGTGACTACATTCTGCA 




1450 	 1470 	 1490 
CGGTGTCCACCAGGCGTGGAACACCAACCAGGACAGCAAGGACTACCAGTAAGGATGAGT 
CGGTGTCCACCAGGCGTGGAACACCAACCAGGACAGCAAGGACTACCAGTAAGGATGAGT 
1510 	 1530 	 1550 
CTGCTTACTCTGGACACCTGGAATGGCAACTACCAAACAACCACCCAACCACACAAACAC 
CTGCTTACTCTGGACACCTGGAATGGCAACTACCAAACAACCACCCAACCACACAP.ACAC 
1570 	 1590 	 1610 
TGTAGTCCcTTGAACCCATATTGGCCCTTTTCTTGAGATTACCTAAACATTTAACG 
TGTAGTCCTTGAACCCATATTGGCCCTTTTCTTGAGATTACCTAAACATTTAACG 
1630 	 1650 	 1670 
AGCACGTCGCGAATTCAGCAAATAkCGCTCGATAAAGAGCTTAAAAATATCTATTTTG 
* 	 * 
AGCACATCGCGAAATTCAGCAAATAAACGCTCGATAAAGAGCTTAAAAATACC 





Appendix 2 shows the sequence of yp2 K313 
and some flanking sequence aligned with the yp2 CanS  
sequence (Hung and Wensink, 1983). 	The upper 
K313 	 CanS sequence is yp2 	, and lower is yp2 
Sequence variations are shown by asterisks. 
Start and stop codons are boxed. Splice 
sites are indicated by vertical lines. 
129 
130 
10 	 30 	 50 
TCGAACTTGGAAGCCACAATCCTCTGCGCACCCTTTGCGTTATGGCCTGCCTTCTG 	/ 
TCGAACTTGGAAGCCAC?AATCCTCTGCGCACCCTTTGCGTTATGGCCTGCCTTCTG 
70 	 90 	 110 
GCGGTCGCCATGGGTAATCCCCAGTCTGGTAACCGTTCCGGTCGCCGATCCAACTCCCTG 
GCGGTCGCCATGGGTAATCCCCAGTCTGGTAACCGTTCCGGTCGCCGATCCAACTCCCTG 
130 	 150 	 170 
GACAATGTGGAGCAGCCCAGCAACTGGGTCAACCCACGTCAAGTCGAGGAGCTGCCCAAC 
GACAATGTGCAGCAGCCCAGCAACTGGGTCAACCCACGTGAAGTCGAGGAGCTGCCCAAC 




250 	 270 	 290 
TTGGACAAGCTCI3TAAGTTCAAGGATCTCTAAAAGTTCTACCAATCATGTTATATTTAC  
TTGGACAAGCTCI3TAAGTTCAAGGATCTCTAAAAGTTCTACCAATCATGTTATATTTAC 
310 	 330 	 350 
ACGCGCTATCCTATTCCGCAACCATCTGTCCCAGTTCAACCATGTCTTCAAGCCCGATT 
* 	 * 	I 
ACGCACTATCCTATCCCGCAACCATCTGTCCCAGTTCAACCATGTCTTCAAGCCCGATT 
370 	 390 	 410 
ACACCCCGGAACCCAGCCAGATCAGGGGCTACATTGTCGGCCAGCGCGGCCAGAAGATCG 
ACACCCCGGAACCCAGCCAGATCAGGGGCTACATTGTCGGCGAGCGCGGCCAGAAGATCG 









550 	 570 	 590 
GGAAGCTGGTGCAGGCCTACCAGCAGCGTTACAACCTCCAGCCCTATGAGACCACCGACT 
GGAAGCTGGTGCAGGCCTACCAGCAGCGTTACAACCTCCAGCCCTATGAGACCACCGACT 
610 	 630 	 650 
ACTCCAACGAGGAGCAGAGCCAGAGGAGTTCCAGCGAGGAGCAGCAAACGCAGCGCAGGA 
ACTCCAACGAGGAGCAGAGCCAGAGGAGTTCCAGCGAGGAGCAGCAAACCCAGCGCAGGA 
670 	 690 	 710 
AGCAGAACGGTGAACAGGATGATACCAAGACCGGAGACCTGATTGTGATTCAGCTGGGCA 	 - 
* 
AGCAGAACGGTGAACAGGATGATACCAAGACCGGAGACCTGATTGTGATCCAGCTGGGCA 
730 	 750 	 770 
ATGCCATCGAGGACTTTGAGCAGTACGCCACCCTGAACATTGAGCGTCTGGGCGAGATCA 
ATGCCATCGAGGACTTTGAGCAGTACGCCACCCTGAACATTGAGCGTCTGGGCGAGATCA 




850 	 870 	 890 
TGATTGGCTCTGGACCCGCTGCCCACGTTGCCGGAGTGGCTGGACGCCAGTTCACCCGTC 
TGATTGGCTCTGGACCCGCTGCCCACGTTGCCGGAGTGGCTGGACGCCAGTTCACCCGTC 




970 	 990 	 1010 
CCGAGGAGAGGCTGACCGGGCTGGCCCGTGGTGATGCTGACTTCGTTGATGCCATCCACA 
CCGAGGAGAGGCTGACCGGGCTGGCCCGTGGTGATGCTGACTTCGTTcATGCCATCCACA 
1030 	 1050 	 1070 
CCTCCGCCTACGGCATGGGTACCAGCCAGCGATTGGCCCGTGGACTTCTTCCCCCG 
CCTCCGCCTACGGCATGGGTACCAGCCAGCGATTGGCCAACGTGGACTTCTTCCCCCG 
1090 	 1110 	 1130 
GACCCTCGACCGGAGTGCCCGGAGCCGATAATGTCGTTGAGGCCACCATGCGTGCCACCC 
GACCCTCGACCGGAGTGCCCGGAGCCGATAATGTCGTTGAGGCCACCATGCGTGCCACCC 








1270 	 1290 	 1310 
CTACCGATTTCGATCTGCAGGGCGATTACATTCTGCACGTGAACTCGGAGCCCCTTCG 
* 	 * 
CCACCGATTTCGATCTGCAGGGCGATTACATTCTGCAGGTGAACTCCGAGCCCCTTCG 
1330 	 1350 	 1370 
GCAGGAGCACTCCCGCCCAGAAACAGACCGGCTACCACCAGGTCCACCAGCCCTGGCGCC 
GCAGGAGCACTCCCGCCCAGAAACAGACCGGCTACCACCAGGTCCACCAGCCCTGGCGCC 




1450 	 1470 	 1490 
ACAACCAGATCGCACCCCCTCATGCGAGCGAACCACTCCAGCCCATCCTCATCCAGCAG 
AC AACC AGATC GC ACAC CCCT CATGCGAGCGAAC C AC TCCAGCC CATCCTC ATC CAGCAG 
1510 	 1530 	 1550 
CCCTCTGCCAGTTGCATCCACTACGATTAGTTAGCTTTGTTTTTTTAACTCACp.TAA 
AACCCTCTGCCAGTTGCATCCACTACGATTAGTTAGCTTTGTTTTTTTAACTCACAATAA  




1630 	 1650 	 1670 
GTTCAATTTACAATAAAAACAATTGCTTATGTCGAAATATTTGAGAGTTCTAATGCTCA 
	
* 	 * 
GTTCAATTTACAATAAAAACATTGCTTATGTCGATATTTGAGAGTTCCPATGCTCC 
1690 	 1710 	 1730 
TTATATAAAAATATCCAAAACCAAATTATGCAATGCCACTGAGGTCATAAAAGAAGCACG 
* 	 * 
TTATATAAAAATATCCAAAACCAAATTATGCATGCCACTCAGGCCAT.AAAGGCACA 




1810 	 1830 	 1850 
GATATATAGCGTACACACACGCACAACCACATATATAGATATGGCGCTATATATATGGGA 





Alignments of predicted Primary Sequences 
of YP1, YP2, YP3. 
The three YP sequences (Hovemann et al., 1981; 
Hung and Wensink, 1981; 1983) are aligned pairwise, 
and in the last alignment all three together. In 
the last alignment, a consensus is given, where a 
residue is identical in all three proteins. 	The 
YP3 protein sequence is predicted from the data of 









1.000 	Average Match: 	1.000 
0.300 Average Mismatch: 0.000 
225.8 	 Length: 	3 
0.514 Gaps: 7 
55.944 
	
droypl.pep x yp2.pep 
	
29-AtJG-1986 16:22 
1 MNPMRVLSLLAC.LAVA .... ALAKPNGRMDNSVNQALKPSQWLSGSQLE 45 
11111 	11 	1111 	11 	II 
1 MNPLRTLCVMACLLAVAMGNPQSGNRSGRRSNSLDNVEQPSNWVNPREVE 50 
46 AIPALDDFTIERLEN.1NLERGAELLQQVYHLSQIHHNVEPNY. . VPSGIQ 93 
II 	I 	I 	I 1 	11 	11 11111 	I II 	III 
51 ELPNLKEVTLKKLQEMSMEEGATLLDKLYHLSQFNHVFKPDYTPEPSQIR 100 
94 VYVPKPNGDKTVAPLNEMIQRLKQKQNFGEDEVTI IVTGLPQTSETVKKA 143 
I 	II 	II 	I 	11111111 	III 	III 
101 GYIVGERGQKIEFNLNTLVEKVKRQQKFGDDEVTIFIQGLPETNTQVQKA 150 
144 TRKLVQAYMQRYNLQQQRQHGKNGNQDYQDQSNEQRKNQRTSSEEDYSEE 193 
I 11 	111111 
151 TRKLVQAYQQRYNLQ ......... PYETTDYSNE. EQSQRSSSEEQQTQR 190 
194 VK.... NAKTQSGDIIVIDLGSKLNTYERYAMLDIEKTGAKIGKWIVQMV 239 
I 	I 	11 	111 	11 111111 	I II 	I 
191 RKQNGEQDDTKTGDLIVIQLGNAIEDFEQYATLNIERLGEIIGNRLVELT 240 
240 tTELDMPFDTIHLIGQNVGAHVAGAAAQEFTRLTGHKLRRVTGLDPSKIVA 289 
I 	I 	11111 	111111 	111 	1111111 	1 111 	11 
241 NTVNVPQEIIHLIGSGPAAHVAGVAGRQFTRQTGHKLRRITALDPTKIYG 290 
290 KSKNTLTGLARGDAEFVDAIHTSVYGMGTPIRSGDVDFYPNGPAAGVPGA 339 
I . 	IIIIIIIIIIIIIIIIIIIII 	I 1111111 	11111 
291 KPEERLTGLARGDADFVDAIHTSAYGMGTSQRLANVDFFPNGPSTGVPGA 340 
340 SNVVEAAMRATRYFAESVRPGNERSFPAVPANSLQQYKQNDGFGKRAYMG 389 
11111 	IIIIIIIIIIIIIIIII 	IIIIIIIIIIIIII 	III 
341 DNVVEATMRATRYFAESVRPGNERNFPSVAASSYQEYKQNKGYGKRGYMG 390 
390 IDTAHDLEGDYILQVNPKSPFGRNAPAQKQSSYHGVHQAW... NTNQDSK 436 
II 	1111111111 	111111 	11111 	11 	111 	1 III 
391 IATDFDLQGDYILQVNSKSPFGRSTPAQKQTGYHQVHQPWRQSSSNQGSR 440 
437 DYQ 439 
441 RQ* 443 
136 
Gap Weight: 1.000 
	
Average Match: 1.000 




Ratio: 0.475 Gaps: 6 
Percent Similarity: 50.360 
	
yp2.pep x yp3.pep 
	
16-SEP-1986 15:00 
1 MNPLRTLCVMACLLAVAMGNPQSGNRSGRRSNSLDNVEQPSNWVNPREVE 50 
I 	II 	I I 	I 	II I 	II 	I 	1 	I 
1 MNSLR.ICLLATCLLVA ...... AHASKDASN. . .DRLKPTKRLTATELE 40 
51 ELPNLKEVTLKKLQEMSMEEGATLLDKLYHLSQFNHVFKPDYTPEPSQIR 100 
I 	I I 	I 	I 	II I 	II I 	I I 	I 	II 
41 NVPSLNDITQERLENQPLEQGAKVIEKIYHVGQIKHDLTPSFVPSPSNVP 90 
101 GYIVGERGQKIEFNLNTLVEKVKRQQKFGDDEVTIFIQGLPETNTQVQKA 150 
I 	lilt 	II 	II 	II 	1111111 	1111 	III 
91 VWI IKSNGQKVECKLNNYVETAKAQPGFGEDEVTIVLAGLPKTSPAQQKA 140 
151 TRKLVQAYQQRYNLQPYETTDYSNEEQSQRSSSEEQQTQRRKQNGEQDDT 200 
1111111111 	III 	II 
141 MRRLIQAYVQKYNLQ.. .QLQKNAQEQQQLKSSDCDYTSSEEAADQWKSA 187 
201 K. . TGDLIVIQLGNAIEDFEQYATLNIERLGEIIGNRLVELTNTVNVPQE 248 
I 	1111111 	I 	III 	I 	II 	I III 	liii 
188 KAASGDLIIIDLGSTLTNFKRYANLDVLNTGAMIGQTLIDLTN. KGVPQE 236 
249 IIHLIGSGPAAHVAGVAGRQFTRQTGHKLRRITALDPTKIYGKPEERLTG 298 
1111111 	1111111 	IIIIIIIIIIIIIII 	I 	II 
237 IIHLIGQGISAHVAGAAGNKYTAQTGHKLRRITGLDPAKVLSKRPQILGG 286 
299 LARGDADFVDAIHTSAYGMGTSQRLANVDFFPNGPSTGVPGADNVVEATM 348 
1 	1111111111111 	III 	I III 	111111111 	11 	11 
287 LSRGDADFVDAIHTSTFAMGTPIRCGDVDFYPNEPSTGVPGSENVIEAVA 336 
349 RATRYFAESVRPGNERNFPSVAASSYQEYKQNKGYGKRGYMGIATDFDLQ 398 
1111111111111 	11111 	II 	II 	1 	111 	111 	III 
337 RATRYFAESVRPGSERNFPANPANSLKQYKEQDGFGKRAYMGLQIDYDLR 386 
399 GDYILQVNSRSPFGRSTPAQKQTGYHQVHQPWRQSSSNQGSRRQ 442 
11111 	1111111 	1111 	II 
387 GDY I LEVNAKSPFGQRSPAHKQAAYHGMDHAQN...........419 
Gap Weight: 1.000 Average Match: 1.000 
Length Weight: 0.300 Average Mismatch: 0.000 
Quality: 223.5 Length: 1 
Ratio: 0.533 Gaps: 7 
Percent Similarity: 56.355 
droypl.pep x yp3.pep 	16-SEP-1986 14:53 
1 MNPMRVLSLLACLAVAAtAKPNGRMDNSVNQALKPSQWLSGSQtEAIPAL 50 
I 	I 	I 	11 	111 	1 III 	III 	I 	II 	II 
1 MMSLRICLLATCLLVAAHA. . . .SKDAS.NDRLKPTKRLTATELENVPSL 45 
51 DDFTIERLENMNLERGAELLQQVYHLSQIHBNVEPNYVPSGIQVYV. . PK 98 
1111111 	1111 	11 	III 	1 	III 	II 	I 
46 NDITQERLENQPLEQGAKVIEKIYHVGQIKHDLTPSFVPSPSNVPVWIIK 95 
99 PNGDKTVAPLNEMIQRLKQKQNFGEDEVTI IVTGLPQTSETVKKATRKLV 148 
	
III 	II 	I 	11111111 	11111 	liii 
96 SNGQKVECKLNNYVETAKAQPGFGEDEVTIVLAGLPKTSPAQQKANRRLI 145 
149 QAYMQRYNLQQQRQHGKNGNQDYQDQSNEQRKNQRTSSEEDYSEEVKNAK 198 
11111111 	I 	II 	I 	I 11111 	III 
146 QAYVQKYNLQ ...QLQKNAQEQQQLKS. . .SDCDYTSSEE.AADQWKSAK 188 
199 TQSGDIIVIDLGSKLNTYERYAMLDIEKTGAKIGKWIVQMVNELDMPFDT 248 
III 	1 	11111 	1 111111 	11111 	I 	I 
189 AASGDLIIIDLGSTLTNFKRYAMLDVLNTGAMIGQTLIDLTN. KGVPQEI 237 
249 IHLIGQNVGAIIVAGAAAQEFTRLTGHKLRRVTGLDPSKIVAKSKNTLTGL 298 
111111 	1111111 	1 	IIIIIIIIIIIII 	I 	III 
238 IHLIGQGISAHVAGAAGNKYTAQTGHKLRRITGrJDPAKVLSKRPQILGGL 287 
299 ARGDAEFVDAIHTSVYGMGTPIRSGDVDFYPNGPAAGVPGASNVVEAAMR 348 
liii 	11111111 	HIM 	IllillIll 	liii 	11 	11 I 
288 SRGDADFVDAIMTSTFAMGTPIRCGDVDFYPNEPSTGVPGSENVIEAVAR 337 
349 ATRYFAESVRPGNERSFPAVPANSLQQYKQNDGFGKRAYMGI DTAHDLEG 398 
111111111111 	II 	III 	11111 	III 	1111111111 	III 
338 ATPYFAESVRPGSERNFPANPANSLKQYKEQDGFGKRAYMGLQIDYDLRG 387 
399 DYILQVNPKSPFGRNAPAQKQSSYHGVHQAWNTNQDSKDYQ 439 
1111 	11 	11111 	1111 	III 	II 
388 DYILEVNAKSPFGQRSPAHKQAAYHGMDHAQN.........419 
137 
Plurality: 3.00 Threshold: 1.00 Aveweight 1.00 AveMatch 1.00 
PRETTY of: @peps.;l 	16-SEP-1986 14:47 
138 
l 
ypl.gap MNPMRVLSLL AC.LAVA... 
yp2.gap MNPLRTLCVM ACLLAVAMGN 
yp3.gap MMSLR .....ICLLATCLLV 
Consensus M---R------C-LA----- 
50 
.ALAKPNGRM DNSVNQALKP SQWLSGSQLE 
PQSGNRSGRR SNSLDNVEQP SNWVNPREVE 
AAHA .... SK DAS.NDRLKP TKRLTATELE 
S------P ---------E 
51 	 100 
ypl.gap AIPALDDFTI ERLENMNLER GAELLQQVYH LSQIHHNVEP NY. .VPSGIQ 
yp2.gap ELPNLKEVTL KKLQEMSMEE GATLLDKLYH LSQFNHVFKP DYTPEPSQIR 
yp3.gap NVPSLNDITQ ERLENQPLEQ GAKVIEKIYH VGQIKHDLTP SFVPSPSNVP 
Consensus --P-L---T- --L-----E- GA------YH --Q--H---P -----PS--- 
101 
ypl.gap VYVPKPNGDK TVAPLNEMIQ 
yp2.gap CYIVGERGQK IEFNLNTLVE 
yp3.gap VWIIKSNGQK VECKLNNYVE 
Consensus -------G-K ---- LN---- 
150 
RLKQKQNFGE DEVTIIVTGtJ PQTSETVKKA 
KVKRQQKFGD DEVTIFIQGL PETNTQVQKA 
TAKAQPGFGE DEVTIVLAGL PKTSPAQQKA 
--K ---- FG- DEVTI ---GL P-T-----KA 
151 	 200 
ypl.gap TRKLVQAYMQ RYNLQQQRQH GKNGNQDYQD QSNEQRKNQR TSSEEDYSEE 
yp2.gap TRKLVQAYQQ RYNLQ ..... .... PYETTD YSNE.EQSQR SSSEEQQTQR 
yp3.gap MRRLIQAYVQ KYNLQ. . .QL QKNAQEQQQL KS.. .SDCDY TSSEE.AADQ 
Consensus -R-L-QAY-Q -YNLQ ----- ---------- -- -------- -SSEE ----- 
201 
ypl.gap VK... .NAKT QSGDIIVIDL 
yp2.gap RKQNGEQDDT KTGDLIVIQL 
yp3.gap WK... .SAKA ASGDLIIIDL 
Consensus -K -------- -- GD-I-I-L 
250 
GSKLNTYERY AMLDIEKTGA KIGKWIVQMV 
GNAIEDFEQY ATLNIERLGE IIGNRLVELT 
GSTLTNFKRY AMLDVLNTGA MIGQTLIDLT 
G--------Y A-L ----- ----- ------- 
251 	 300 
ypl.gap NELDMPFDTI HLIGQNVGAH VAGAAAQEFT RLTGHKLRRV TGLDPSKIVA 
yp2.gap NTVNVPQEII HLIGSGPAAH VAGVAGRQFT RQTGHKLRRI TALDPTKIYG 
yp3.gap N.KGVPQEII HLIGQGISAH VAGAAGNKYT AQTGHKLRRI TGLDPAKVLS 
Consensus N----P---I HLIG ---- ?H VAG-A ---- T --TGHKLRR- T-LDP-K--- 



















HTSVYGMGTP IRSGDVDFYP NGPAAGVPGA 
HTSAYGMGTS QRLANVDFFP NGPSTGVPGA 
HTSTFAMGTP IRCGDVDFYP NEPSTGVPGS 
HTS---MGT- -R --- VDF-P N-P--GVPG- 
400 
GNERSFPAVP ANSLQQYKQN DGFGKRAYMG 
GNERNFPSVA ASSYQEYKQN KGYGKRGYMG 
GSERNFPANP ANSLKQYKEQ DGFGKRAYMG 
G-ER-FP--- A-S --- YK-- -G-GKR-YMG 
401 	 450 
ypl.gap IDTAHDLEGD YILQVNPKSP FGRNAPAQKQ SSYHGVHQAW . . .NTNQDSK 
yp2.gap IATDFDLQGD YILQVNSKSP FGRSTPAQKQ TGYHQVHQPW RQSSSNQGSR 
yp3.gap LQIDYDLRGD YILEVNAKSP FGQRSPAHKQ AAYHGMDHAQ N......... 
Consensu -----DL-GD YIL-VN-KSP FG --- PA-KQ --YH ------ ---------- 
